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ROLE OF SALICYLIC ACID IN PLANTS UNDER SALINITY STRESS.

Radia ABDOURAHMAN?, Mehmet SEZGIN?

I Graduate School of Natural and Applied Sciences, Cankir1 Karatekin University, Cankar,
Turkey, ORCID:0000-0003-1681-9961

?Department of Biology, Faculty of Science, Cankir1 Karatekin University, Uluyazi Campus,
Cankir1, Turkey, ORCID:0000-0001-7053-0371

Abstract: Salicylic acid (SA) is a small phenolic molecule, a phytohormone that plays a major
role in plant defense against biotic and abiotic stresses and can affect a wide range of
morphological, physiological, and biochemical processes in plants such as enzymatic and non-
enzymatic antioxidant responses, osmolyte accumulation, proline metabolism, lipid synthesis,
photosynthesis and etc. Salinity is one of the most serious factors limiting the productivity of
crops, with adverse effects on germination, from seed germination to the fully grown plant
stage, plant vigor, and crop yield, plant spend her early times surviving rather than growing.
Generally, SA is used in plant cultivation due to its ability to regulate the plant resistance
response to different environmental stresses, particularly salt stress. Salicylic acid has been
described as a chemical activator of the systemic acquired system (SAR) pathway, inducing the
expression of genes involved in plant defense responses. Salt stress can induce oxidative and
osmotic stress in plant cells resulting in enhanced accumulation of reactive oxygen species
(ROS) that are harmful to plant cells at high concentrations but at low concentrations,
however, ROS can act as signalling molecules in a variety of cellular processes to cope with
the oxidative stress. Higher plants have developed ROS triggering-scavenging, antioxidative
complex under the influence of SA. In our study here, we will focus on the role of SA in the
plant defense responses against salinity stress.

Keywords: salt stress, salicylic acid (SA), systematic acquired system (SAR), antioxidant,
signalling, induction.

INTRODUCTION

Salt stress is one of the most harmful environmental stresses, which causes concurrently ionic
toxicity, osmotic stress, and oxidative stress (Tanveer and Shabala, 2018). Salt stress is the
outcome of the accumulation of excessive specific salt contents in the soil. It is mostly due to
increased use of poor quality water for irrigation and soil salinization after salt accumulated in
arid and semi-arid regions, insufficient rainfall also boosted the effects of pre-existent
problems.

It has been shown that approximately 45 million hectares of irrigated areas have been damaged
by salt stress and considerable regions of land affected by salinity are increasing day after day
(Pitman and Lauchli, 2002; Munns and Tester, 2008). As plants are sessile so confined to the

BOOK OF FULL TEXT ISBN: '978-625-7341-509 www.karadenizkongresi.org Page | 1
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same place, the place where they first grow, they had to come up with broad spectrums of
defense mechanisms and responses coping with both biotic and environmental stresses. Plant
growth regulators, also known as plant hormones exercise important roles in the regulation of
plant developmental processes and signalling pathways as they are involved in a wide range of
biotic and abiotic stress responses and tolerance in plants (Asgher et al., 2015). Salicylic acid
(SA) is a small phenolic molecule involved in the regulation of the growth and development of
plants, and their responses to biotic and abiotic stress factors. SA is an important plant hormone
notoriously known for being a mediator of tolerance responses upon pathogen infection, it was
shown to play a role in disease resistance in tobacco plants after a microbial attack (White,
1979). Since that period, the importance of the involvement of SA in plant defense to biotic and
abiotic stimulus has been researched even though a clear image of its ways of working hasn't
been established yet. SA biosynthesis was firstly known to increase in many pathosystems upon
infection with viruses, fungi, and bacteria, but also, SA is a critical signalling molecule that is
known for participating in the responses of plants to abiotic stresses too. In this article, the
involvement of SA in salt stressed-plant will be discussed. SA through large signal transduction
pathways and crosstalk with other hormones helps in the induction and activation of defense-
related genes giving to plants improved tools of defense. For example, SA is an important
regulator of Na* uptake, exclusion, and sequestration, through the modulation of sodium and
potassium transportations, SA is associated with the control of photosynthesis and nutrient
metabolism, proline and glycinebetain metabolisms, reactive oxygen species (ROS)
metabolism; regulation of antioxidant defense system, SA is involved in the in ROS-signalling
system and induction of the SA-dependent SAR pathway, SA interacts with other
phytohormones in plants under salt stress. Recent studies with modified and mutant plants have
shown the diverse roles of SA in plant stress biology. This study summarizes the currently
available knowledge of SA’s roles in salinity tolerance and the potential mechanisms
underlying SA-mediated salinity tolerance in plants.

BIOSYNTHESIS OF SA IN PLANTS

SA is synthesized via two different pathways (Fig. 1): isochorismate pathway and
phenylalanine ammonia-lyase pathway. The isochorismate pathway is a chloroplastic phase.
Isochorismate (Figure 1) is the intermediate product in 2 reactions engaging isochorismate
synthase (ICS) and isochorismate pyruvate lyase (IPL) both enzymes play a very important role
(Fig. 1) (Verberne et al.2000; Strawn et al. 2007), SA is synthesized from Chorismate.The
phenylalanine pathway takes place in the cytoplasm. In this pathway, the main precursor is
phenylalanine (Fig. 1). In the first phase, the action of phenylalanine ammonia-lyase (PAL) on
phenylalanine leades to the synthesis of trans-cinnamic acid (Fig. 1). Trans-cinnamic acid is
then converted to benzoic acid (Figure 1) (Horvath et al).

The enzyme benzoic-acid-2-hydroxylase (BA2H) catalyzes the lastyl remaining step that is the
passage of benzoic acid to SA. In a Study salt stress was proven to increase endogenously
produced SA levels by enhancing BA2H activity in rice seedlings, suggesting the
phenylalanine pathway is provoking endogenous SA rising during salinity stress (Sawada et al.
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2006). As high doses of SA causes toxic effects upon crop yield, SA biosynthesis is tightly
controlled at both transcriptional and post-transcriptional levels. At the transcriptional level,
MYBs (MY ELO BLAST; MYB 96 and MYB30), WRKYs (WRKY28 and WRKY 46), and
WIPK(Wound-InducedMitogen-Activated Protein Kinase)-activated transcription factors has
been shown to have a positive regulation on ICS gene encoding isochorismate synthase pathway
thus increasing SA production in plants (Vidhyasekaran 2015). At the post-transcriptional level,
the RNA-binding proteins (RBP) have been shown to participate in multiple post-
transcriptional processes of SA biosynthesis.
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Figure 1. Chemical structure of phenolic compounds that participates in salicylic acid
biosynthesis and metabolism in both pathways.

SA RECEPTORS IN PLANTS

In order to induce defense signalling in plants, SA bind to very specific receptors. Researchs
have discovered receptos and identified them as SA-binding proteins. As SA’s accumulation
can cause toxic effects and can’t be transported throughout the phloem in long-distance
signalling, SA is either glycosylated or methylated in the cytosol of production cells. SA’s
gycosylated conjugate is the SA O-b-glucoside (SAG) and its methylated form is methyl
salicylate (MeSA). MeSA and SAG are conjugated forms of SA, they’re biologically inactive
and need to be converted into the active form with the help of SA methyl transferasel (SAMT1)
and SA glycosyltransferase (SAGT) (Dempsey et al. 2011). SAMT1 enzyme gives the methyl
group to SA, and stressed plants always use MeSA for signalling purpose due to its capacity to
easily diffuse from a cell, tissu or organ to another, and was thereby identified as a receptor,
SA-binding protein 2 (SABP2) that is crucial for both local and systemic acquired resistance
(SAR), an SA-depended long-distance signalling mechanism.

This can be explained by the fact that SABP2 exhibits strong esterase activity with methyl
salicylate as the substrate, anenzyme that catalyzes the conversion of methyl salicylic acid
(MeSA) into salicylic acid (SA) to convert biologically inactive MeSA into active SA
(Forouhar et al. 2005). Another SA receptor was found, NPR1 (non-expresser of PR proteinl)
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a transcriptional coactivator of pathogenesis related (PR-gene) expression, defense genes.
NPR1 appears to be a master regulatory protein of SA-dependent defense mechanisms (Wu et
al. 2012). NPR3 and NPR4 receptors were also proved to have an affinity with SA ( Fu et al.
2012). There are two forms of NPR1 are in cells, an oligomeric NPR1 is the inactive oxidized
form contained in the cytoplasm when the SA concentration is low due to the absence of stress,
but when stress occrus, SA accumulation activates NPR1 by reducing biologically-inactive
NPR1 oligomers to active monomers (Figure 2) (Dong 2004). SA binding to NPR3 and NPR4
triggered reduction of oligomeric into monomeric active NPR1 (Fu et al. 2012). Then
biologically- active NPR1 monomers are transported into the nucleus, where they bind with
specific transcription cofactors and activate SA-responsive PR genes (Dong 2004; Fu et al.
2012).
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Figure 2. SA biosynthesis, metabolism, homeostasis, transport, and signalling during biotic and
abiotic stresses.

INVOLVEMENT OF SA IN ROS-SIGNALLING, SAR-SIGNALLING, AND IN THE
MODULATION OF ANTIOXIDANTS.

Reactive oxygen species (ROS) include reactive free radicals such as superoxide anion (02+—),
hydroxyl radical (+OH), as well as nonradical molecules like hydrogen peroxide (H202), singlet
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oxygen (102). The reduction of molecular oxygen (02) by electron-transfer reactions during
photosynthesis leads to the production and accumulation of highly reactive ROS. ROS are
normally synthesized as a normal result of plant metabolism. Numerous abiotic stresses lead to
excessive production of ROS causing a rupture of the cellular redox homostasie and the
occurrence of oxidative stress that lead to consequences such as oxidative modification of vital
biomolecules (figure 3), the hold of plant growth and development, and ultimately cell death.
Despite their destructive aspect, they are well known to be second messengers in a variety of
cellular processes, including granting plants tolerance to various environmental stresses. Redox
homeostasis in plants is maintained by the right balance between ROS production and
scavenging (Apel and Hirt 2004). All ROS are extremely harmful to organisms at high
concentrations.Scavenging or detoxification of excess ROS is achieved by an efficient
antioxidative system which is under the regulation of SA, there are nonenzymic as well as
enzymic compounds ( Noctor and Foyer 199). The enzymic antioxidants comprise superoxide
dismutase (SOD), catalase (CAT), guaiacol peroxidase (GPX), enzymes of ascorbateglutahione
(AsA-GSH) cycle such as ascorbate peroxidase (APX), monodehydroascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR), and glutathione reductase (GR) (Noctor and
Foyer 199). Ascorbate (AsA), glutathione (GSH), carotenoids, tocopherols, and phenolics serve
as potent non enzymic antioxidants within the cell. SA plays a very important role in preventing
oxidative damages in plants by detoxifying the plant after an exaggerated production of ROS,
Both endogenous and exogenous SA was proven to play roles in antioxidative metabolism and
have tight control over cellular ROS (Kang et al., 2014). Plants are equipped with a broad
spectrum of defense tools to prevent invasion by biotic and abiotic stresses, some of these
defensive tools are locals and already established in the plant and are first-line acting defense
measures, whereas others are inducible upon the perception of the stress factor and its intensity,
Systemic acquired resistance (SAR) is one such SA-dependent response. SAR is a long-
distance signalling mechanism that provides wide-spectrum and long-lasting resistance for
plants, it’s an inducible signal transduction pathway and endogenous SA oOr exogenous
application of SA or its synthetic analog can activate it. The transcription of Plethora genes
(SAR genes) results in the production of proteins related to plant defense (Ward et al., 1991)
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Figure 3: Reactive oxygen species (ROS) induced oxidative damage to lipids, proteins, and
DNA.

INTERACTION OF SA WITH MINERAL NUTRIENTS

Mineral nutrition is a vital exigency for proper growth and development and survival under
different abiotic stress conditions. Some studies have shown that the abondance of mineral
nutrient in plants have an very importante role in the mitigation of abiotic stresses’s effects
(Igbal et al., 2011). SA can be involved in the regulation of the uptake of several beneficial
elements from the soil such as Mn, Ca, Cu, Fe, P, and Zn (Wang et al., 2011) and thereby help
stressed plants. Exogenous SA minimises Na* uptake while increasing tissue concentrations of
K*, Ca*, Mg2* (Yildirim et al. 2008), Fe2*, Mn2", Cu2* ( Gunes et al. 2005; Yildirim et al.
2008), P (EI- Tayeb 2005), N (Gunes et al. 2007; Nazar et al. 2011)and S (Nazar et al. 2011) in
many plant species. In a study, changes mediated by SA in photosynthesis were related to the
uprising nutrients content of N, P, K, and Ca in B. juncea transgenic plant under salt tolerance
(Syeed et al., 2011). especially, 0.5 mM of exogenous SA increased photosynthetic activities
under salt stress by reducing cellular Na™ and ClI" ions rates and by interrupting their uptake
which given the content of beneficial nutrients a chance to increase, N, Mg, Fe, Mn, and Cu
concentrations were reported to increase in SA-supplemented and salinity stressed Z.
mays (Gunes et al., 2007). Paradoxically, the results of previous studies were contredicted when
the exogenous application of SA decreased concentrations of K* and P in shoot and root tissues
of maize (Gunes et al. 2007) and in barley shoots (EI-Tayeb 2005) under salinity stress. Further
application of SA to tomato plants inhibited K* uptake and increased Na* uptake (Szepesi et al.
2009). Thereby, the exact role of SA in the maintenance of ionic homeostasis under salinity
stress and its prevention of ionic stress are not clearly understood.
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INTERACTION OF SA WiTH OTHER HORMONES

SA exercises its role in various plant developmental processes via cross-talk with other
hormones such as auxin, gibberellins, abscisic acid, and ethylene(Yasuda et al. 2008: Khan et
al. 2012; (Alonso-Ramirez et al. 2009), The outcomes of the SA-interaction with other
phytohormones can be either activation or inhibition of their signalling both under favorable
and stressful conditions. SA-mediated suppression of auxin signalling was proved by Iglesias
et al. (2011). They revealed that the expression of the PR1, an SA-induced gene intirl
afb2 (auxin perception small family of F-box proteins) mutant plants plays a significant role in
auxin-signalling in stressed plants. additionally, in these mutants, PR-1 was exogenously
induced to a great extent and compared with SA-treated wild-type plants, where the repressive
effect of SA on auxin signalling indicates the incidence of an antagonistic relationship between
auxin and SA-signalling pathways (lglesias et al., 2011). Exogenous application of gibberellins
(50 IM) under NaCl (150 mM) stress slightly helped with the germination of SA-deficient sid2
mutant (Alonso-Ramirez et al. 2009), implying gibberellins can compensate for SA deficiency.
In general, SA is known for being antagonistic to ABA during the development and signalling
of SAR, exogenous application of ABA obstructed the induction of SAR, and as a result, the
activation of SAR by SA was suppressed. For that reason, it was concluded that SA hampers
ABA signalling and biosynthesis (Yasuda et al. 2008). An antagonism between SA and ethylene
was revealed, under stressful conditions, the application of SA could inhibit ethylene
biosynthesis by restricting the conversion of 1-aminocyclopropane carboxylic acid (ACC) to
ethylene (Leslie and Romani, 1986). Increased methionine and GB-accumulation inV.
radiata plants were associated with improved photosynthesis and growth, and the suppression
of ethylene formation as a result of SA (0.5 mM)-mediated inhibition in ACS activity under
salinity stress (Khan et al., 2014).

INTERACTION OF SA WITH OSMOLYTES

To maintain osmotic balance due to abiotic stress and excess ROS production, plants had to
develop a protective mechanism of osmoregulation mediated by osmolytes such GB
(Glycinebetaine), Pro (Proline), and soluble sugars. Glycinebetaine is considered as an effective
compatible solute for osmotic adjustment and protection against osmotic stress (Munns, 2005)
and salt stress (Khan et al., 2014), The accumulation of GB in stressed plants adjusts cell
osmotic balance, stabilizes membrane integrity, prevents the dissociation of polypeptides from
the PSII complex, protects Rubisco activity, and also detoxifies toxic ions (Ashraf and Foolad,
2007). Notably, SA and it's analog aspirin can induce GB-accumulation in the range of 0.5-2.5
mM in plants at high levels of NaCl. that plants operate for survival especially under
salinity/osmotic stress conditions. Pro detoxifies excess ROS, adjusts cellular osmotic balance,
protects biological membranes, and stabilizes enzymes/proteins (Igbal et al., 2014). Researches
have well documented that SA is involved in increasing Pro metabolism under abiotic stresses
(Misra _and Saxena, 2009) and SA (at 0.5 mM) significantly induced activity of Pro
biosynthesis enzymes (such as pyrroline-5-carboxylate reductase and y-glutamyl kinase) under
salinity stress along with the increased Pro content.
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Accumulation of soluble sugars and sugar alcohol mannitol has also been reported to contribute
to plant stress tolerance as osmoprotectants (Murakeozy et al., 2003; Cheng et al., 2009). SA
was also reported to inhibit valine and sucrose uptake in a concentration-dependent manner
(10200 uM; Bourbouloux et al., 1998) again a contradictory action that SA excercise in the
same matter. Improved plant health can also be achieved with increased contents of
polysaccharides and soluble sugars, respectively, with 100 p, and 0.5 and 1.0 mM SA (Luo et
al., 2014).

CONCLUSION AND FUTURE PROSPECTS

Abiotic stress is a well-known major threat to crop yield, to cope up with the negative effects
of abiotic stress, plants induce several physiological processes and biomolecular mechanisms.
Studies have shown SA as a strong and potential instrument for reducing or alleviating the
adverse effects of abiotic stress in plants especially salt stress. The exogenous application of
SA has been shown to be advantageous for plants either in optimal or stressful conditions. SA
can induce acquired defense signalling pathway SAR, regulate various plant biosynthetic,
metabolic processes such as the production of varied osmolytes and secondary metabolites, and
also maintain the redox balance and plant-beneficial nutrient status to protect plants under
abiotic stress conditions. There are still a few interesting questions worth further investigation.
For example, NPR1, 3, and 4 are known as the SA receptor in plants. However, it is required to
carry out meticulous molecular studies and cross-talking NPR1, NPR3, and NPR4, and their
potential role in SA-perception in regulating defense gene expression in abiotic stressed plants.
Unveiling complexities of the complete SA-signalling in abiotic stresses and the relationship
between different facets of SA in plant immunity and abiotic stress responses would be
instructive and rewarding. Meanwhile, more genomics and proteomics studies are expected to
clearly reveal SA-responsive genes and proteins upon stresses. Since SA influences the plant
functions in a dose-dependent manner and a high SA-concentration isn't helpful to stress
tolerance, abiotic stress-regulated SA-biosynthesis can be a field worth further investigation.
Molecular analysis is also required to untangle and reveal insights into the SA-mediated control
of other the production and/or signalling of specific plant hormones/metabolites, and their
feedback influence on the machinery in charge of controlling SA-endogenous levels. Overall,
advanced details of SA-mediated defense mechanisms/plant-immunity, as well as further
introspections into the cross-talk of SA with other defense signalling pathways in abiotic
stressed plants, can be uncovered through adopting an incorporated approach assimilating
genetics, molecular biology, biochemistry, genomics, bioinformatics techniques. Treating a
stress like salt stress is obviously not easy nor approchable since the vastness of affected soil is
increasing and soil salinization is an irreverible process, but making plants gain defensive et
resisitance characteristics would be the best approch to alleviate salt stress on worldwide crop
yields
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Abstract

Reiki; means life force energy in Kanji language, is believed to have existed for at least
many thousand years on earth and was first rediscovered by Mikao Usui (1865-1926). While
Reiki is not affiliated with any religion, sect, race, society or community, it is not a substitute
for modern medical treatments. Today, Reiki has been accepted as an alternative and
complementary treatment method and has started to be applied to various patients, especially
by hospital nurses. It has been reported that it helps to reduce anxiety and pain related to the
disease in patients hospitalized in oncology services, reduces chemotherapy-induced nausea,
relieves post-operative pain in patients who have undergone surgery, reduces elevated blood
pressure and heart rate, and relieves stress and anxiety in daily life. In addition, it has been
shown that Reiki applications do not cause any adverse effects. In the present study, the utility
of practicing Reiki was discussed in a scientific manner.

Keywords: Reiki, Pain, Cancer, Anxiety, Alternative Medicine

Introduction

Reiki; means life force energy in Kanji language, is believed to have existed for at least
many thousand years on earth and was first rediscovered by Mikao Usui (1865-1926) in Japan.
It is a kind of energy therapy in which the Reiki practitioner places his/her hands directly and/or
above on his/her body or on a client’s body in a regular series of hand placements to restore the
balance [1, 2]. Since it is a gentle and noninvasive method with no side effects, it can be applied
to all kind of patients in different ages and sexes even they are unconscious [3]. In addition,
Reiki itself is not a part of any religion, sect or society that makes the therapy more universal
[4]. During the Reiki sessions, the individual usually feels calm, peaceful, relax and safe.
Moreover, it has been shown that Reiki may decrease respiratory and heart rates, relieves
anxiety and reduces cortisol release by altering parasympathetic nervous system activity [5]. In
recent decades, there has been a growing interest in complementary and alternative therapies

for various diseases. Even though modern medicine uses pharmacological strategies and/or
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surgical procedures which are approved by The World Health Organization for most of the
diseases, nowadays both clinicians and patients are looking for alternative or complementary
techniques to minimize adverse effects and total cost [6]. Therefore, it is crucial to investigate
the scientific approaches in alternative or complementary therapies. In the current study, Reiki

healing therapy is discussed.

Reiki and Pain

Pain is one of the most common phenomenons in the world. It can be either
pathophysiological or psychological. Almost every human being may have experienced pain at
some point in their life-time. There are various cellular, molecular, genetic and environmental
factors which try to explain the mechanisms of pain [7].

In recent years, there is a growing interest in Reiki healing therapy for pain. In a single
blinded randomized control trial, Reiki has been applied to 44 patients 3 hours after
laparoscopic cholecystectomy operation. Pain on Visual Analogue Scale, Perianesthesia
Comfort Scale and General Comfort Questionnaire were given to Reiki and control groups.
Data showed that post-operative pain in the Reiki group was significantly decreased when
compared to the control group [8].

In a randomized blinded pilot study by Baldwin et al. [9] 46 knee replacement surgery
patients were received either Reiki therapy or sham Reiki or standard care. Reiki group showed
significant reductions in pain, blood pressure, respiration rate and anxiety.

It has been reported that patients with chronic pain applied to the military health care
facilities were received 30 min Reiki sessions for 2 to 3 weeks. Data obtained from the study
showed that pain scales were significantly reduced after Reiki sessions [1].

A total of 122 women with gynecological problems (antepartum, oncology and
postpartum) received 299 Reiki sessions and their pain and anxiety scores were significantly
decreased when compared to their pre-Reiki scores [10].

Patients with cancer usually suffer severe pain and sometimes narcotic analgesics are
the only choice to reduce cancer pain. According to their results, Buyukbayram and Citlik-
Saritas [11] observed that Reiki sessions significantly decreased cancer pain and fatigue in 60
patients when compared to non-Reiki control group. Furthermore, it has been shown that Reiki
sessions significantly reduced pain in children with cancer underwent hematopoietic stem cell

transplantation [6].
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Patients with chronic renal failure usually suffer from pain during hemodialysis. In a

recent research, authors revealed that 20 min Reiki sessions twice a week for 4 weeks

significantly reduced hemodialysis-related pain [12].
Cesarean is usually painful and mother candidates need general or local anesthesia

during the procedure. Randomized controlled trials have shown that Reiki was able to decrease

pain score in mother candidates [13].
There is also evidence that regular Reiki sessions may reduce the doses of analgesics

used in different kind of pain related to hysterectomy [5] and intervertebral disk hernia [14].

Reiki and Mental Health
Mental health problems are very common in developing countries and most of the
people work or live in stress conditions. Unfortunately some of them are able to change their
life styles or cope with stress. It is therefore individuals may need either medical treatment or

alternative therapy, such as Reiki.
Unfortunately most of the health professionals face various stressful situations and some
of them need effective methods or therapies to manage work-related stress. In a very recent
study, Reiki therapy was applied to nurses exposing to stress, and results showed that Reiki

therapy significantly reduced work-related stress as well as respiratory and heart rate [15].
In another large scale clinical study, 1411 Reiki sessions were applied to volunteers by

99 Reiki practitioners for approximately 60 min, and data obtained from the study demonstrated

that Reiki significantly decreased negative feelings, pain, drowsiness, tiredness, nausea,
appetite, shortness of breath, anxiety and depression [2].
Patients undergoing surgery usually experience intense stress and anxiety. In a

randomized control study with 210 volunteers, pre-operative Reiki sessions were found to

reduce stress in a significant manner [16].

Conclusion
Even though most of the clinical studies with Reiki are about pain and mental health,
there are also experimental studies which show the positive effects of Reiki on homeostasis in

laboratory rats and mice intervertebral disc cells [17-19].
Taken together, clinical and experimental studies with Reiki suggest that, Reiki may

increase well-being and provide a quality of life. Further clinical and experimental studies are

needed to understand Reiki in medicine.
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Abstract

In this study, the bioactive compounds of extracts obtained by extracting Diospyros
lotus L. fruit with different solvent type was investigated and the changes in bioactive
parameters depending on the solvent type and extraction process (25 °C and 50 °C; 1, 3 and 6
hours) were investigated. As a solvent, water and methanol were used and conventional and
ultrasonic extraction processes were applied. Total phenolic (TPC) and flavonoid contents
(TFC) and antioxidant activity values were determined in the obtained extracts. TPC content of
the samples was determined as 123.67-248.11 mg GAE/100 g dw and TFC content was
determined as 13.04-1435.58 mg QE/100 g dw. The highest amount of TPC was obtained in
ultrasonic water extraction, and the highest amount of TFC was obtained in ultrasonic-ethanolic
extraction. DPPH antioxidant activity values were found in the range of 20.34-58.58%, and the
highest value was determined in the sample, which was applied conventional-water extraction
at 50 °C for 6 hours. Except for the 6-hour extraction application at 50 °C where methanol was
used in the TFC, an increase was determined in the TPC and TFC contents and antioxidant
activity values detected in the samples with rising temperature and extraction times. As a result,
it was determined that ultrasonic-water extraction for the TPC, ultrasonic-methanolic extract
for the TFC, and conventional-water extraction for antioxidant activity in 6 hours at 50 °C gave
optimum results.

Keywords: D. lotus L., antioxidant activity, total phenolic content, total flavonoid content,
extraction process

1. Introduction

The date plum persimmon (Diospyros lotus L.) belongs to family Ebenaceae which is a
deciduous tree, habituated in China, the Balkans, the Caucasus, and Japan (Yang et al., 2015).
In Turkey, it grows naturally in the Northeast Anatolia region. D. lotus fruits are inedible in the
immature form because of their astringent taste but are well-known for the delicious taste when
fully ripe. Its fruits can be consumed mature and dried, and also by making molasses. D. lotus
has been grown for its medicinal properties such as nutritive, sedative, antiseptic, astringent,
anti-diabetic, laxative, antitumor, diarrhea, dry cough and hypertension (Baytop, 1984; Uddin
etal., 2011; Rashed et al., 2012).
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Reactive oxygen species (ROS) have been found to play an important role in the
initiation and progression of various diseases such as atherosclerosis, inflammatory injury,
cancer and cardiovascular disease (Halliwell, 1997). Many researches have revealed the
medicinal effects, especially the antioxidant properties, of natural products used to treat various
diseases including hypertension, diabetes, HIV infection, Parkinson, Alzheimer, and cancer
(Moon and Shibamoto, 2009). Recently, natural antioxidants have become the focus of
attention, because artificial antioxidants may actually trigger certain chronic diseases (Ajila et
al., 2007; Ross et al., 2009).

Dietary antioxidants may afford protection against oxidative damage. Among dietary
antioxidants, phenolic compounds are by far the most abundant in human diets. Phenolics have
long received considerable interest based on positive reports of their presumed role in the
prevention of various diseases (Hoper and Cassidy 2006). This beneficial effect is considered
to be mainly due to their antioxidant, chelating activities and radical scavenging properties
(Evans et al., 1997). Many plant species have been analyzed for their phenolics and antioxidant
activities, and the D. lotus being among the best sources (Loizzo et al., 2009).

Phenolic compounds can have different hydroxyl groups that can be combined with
sugars, acids or alkyl groups. Therefore, the polarities of phenolic compounds are highly
variable and it is difficult to develop a single method for efficient extraction of all phenolics
(Mokrani and Madani, 2016). In this study, D. lotus fruit was extracted using conventional
extraction and ultrasonic extraction with water and methanol as solvents. In order to determine
the optimum extraction method in total phenol, total flavonoid, and antioxidant analyzes of the
extracts, conventional extraction was performed at 25 °C and 50 °C for 1, 3, and 6 hours and
the results were compared with ultrasonic extraction.

2. Materials and methods

2.1. Sample and extraction

The D. lotus used in the study belongs to the 2019 harvest year and was obtained from
the local market in Kocaeli. The samples were immediately transported to the laboratory after
buying and foreign substances were removed. The fruit was identified, and a specimen was
deposited at the Herbarium of Van Yiiziincii Y1l University. The identified fruit was dried in a
lyophilizer (Freeze-drier, Labconco, Czech Republic, Model: 117) at a pressure of 0.045 mbar
and at -54 ° C for 72 hours and then stored at —24 °C until further analyses.

In conventional extraction, 10 g D. lotus fruit was added into 100 mL solvent (distilled
water or methanol). It was sealed with parafilm and covered with aluminum foil to prevent from
light. Extraction was carried out on a magnetic stirrer (Wisd WiseStir MSH-20D) at 750 rpm
for different times (1, 3 and 6 hours) and at different temperatures (25 °C and 50 °C).
Afterwards, it was centrifuged (Hettich Universal 320r) for 5 minutes at +4 °C and 3500 rpm
in falcon tube, by being separated from the filtrate solid particles by a buncher funnel. The
resulting supernatant was removed from small particles by being filtered by a 45 pm PTFE
syringe filter.

For ultrasonic extraction (US), 1 g of sample in 10 mL solvent (distilled water or
methanol) was treated with ultrasonic sound waves used for 3 min at 50% amplitude using an
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ultrasonic homogenizer (Bandelein, Sonopuls HD 3200, Germany) fitted with a Bandelin UW
3200 ultrasonic probe (maximum power 200 W, 20 kHz, Germany).

Both prepared D. lotus extracts (conventional and ultrasonic extraction) were stored in
amber bottles under a nitrogen atmosphere at -24 °C until further analysis.

2.2. Standards and chemicals

Methanol, sodium nitrite, aluminum chloride, sodium hydroxide, and sodium carbonate
were obtained from Merck (Darmstadt, Germany). 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical, gallic acid and, quercetin standards were purchased from Sigma-Aldrich Co. (St. Louis,
MO, USA).

2.3. Total phenolic content

Total phenolic content of the extracts was determined using the method described by
Singleton and Rossi (1965) with slight modifications. Extracts were diluted with methanol in
appropriate ratio, and then 0.4 mL of extract, 2 mL of 1/10 water-diluted Folin-Ciocalteu
reagent, and 1.6 mL of 7.5% sodium carbonate solution were mixed. The mixture was kept in
dark for 60 min, after which the absorbance was read at 765 nm. Results were expressed as mg
gallic acid equivalent (GAE) per 100 mg dry weight (dw).

2.4. Total flavonoid content

The analysis was determined using the method described by Zhishen et al. (1999) with
some modifications. For analysis, 5 mL of water and 0.3 mL of 5% sodium nitrite (NaNO3)
solution were added to 1 mL of extract, then mixed with vortex and incubated for 5 minutes.
Then, 0.6 mL of 10% aluminum chloride (AICI3) was added, mixed, and incubated for another
5 minutes. At the end of the period, 2 mL of 1 M sodium hydroxide (NaOH) was added to the
mixture and made up to 10 mL with distilled water, and the absorbance was measured at 510
nm wavelength. Results were expressed as mg quercetin/100 g (QE/100 g dw).

2.5. DPPH assay

DPPH assay was performed according to Pyo et al. (2004), with a slight modification.
Fruit extract (0.1 mL) was added to 3.9 mL of DPPH solution (0.025 g/L in methanol). The
mixture was left for 60 min in the dark at room temperature until the reaction reached a plateau.
The absorbance at 517 nm was measured by a spectrophotometer at the end of the time and the
results were expressed as % inhibition (Eqg. 1).

S (Abs control - Abs sample) 1)
% inhibition = X 100
Abs control

2.6. Statistical analysis

The study was carried out with three replications and all analysis was performed in
triplicate. The obtained data were analysed using the SPSS package program version 18 for
one-way analysis of variance (ANOVA). Duncan’s multiple range test procedure was used to
identify significant differences (p< 0.05).
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3. Results and discussion

The total phenolic content, total flavonoid content, and DPPH antioxidant activity (%
inhibition) values of the extracts are given in Table 1. The highest TPC in ultrasonic extraction
was determined in the extract using water with 248.11 mg GAE/100 g dw (p<0.05). In the
conventional extraction using water as solvent, the TPC of the samples increased with rising
time and temperature values. The lowest TPC was found in the samples extracted at 25 °C for
1 hour, and the highest TPC in the samples extracted at 50 °C for 6 hours, with 108.11 and
230.89 GAE/100 g dw, respectively (p<0.05). In the samples applied conventional extraction
with methanol, the highest amount of TPC was determined with 193.67 mg GAE/100 g dw in
the samples extracted at 50 °C for 6 hours (p<0.05). In the 1t and 3" hour results of 25 °C and
50 °C, it was determined that the values were close to each other for both solvents at the same
time. All results for TPC showed that the extract using water as solvent in conventional
extraction has higher values compared to methanol. In addition, ultrasonic extraction using
water had the highest TPC compared to all times and temperatures of conventional extraction.

The highest amount of TFC in ultrasonic extraction was determined as 1435.58 mg
QE/100 g dw in the methanolic extract (p<0.05). Similar to the TPC in conventional extraction
using water as solvent, TFC increased with rising time and temperature values in the samples.
In the conventional-methanolic extract, there was a decrease in TFC content in the 6-hour
applications of the samples at both temperature values (p<0.05). It is thought that the decrease
in the flavonoid content of the samples is probably due to longer exposure to heat with increased
extraction time. In conventional-methanolic extraction, the highest amount of TFC was detected
in samples extracted at 50 °C for 3 hours with 1197.85 mg QE/100 g dw (p<0.05). TFC content
was found to be higher in conventional-methanolic extract than in conventional water extraction
at all times except 6 hours of application (p<0.05). The fact that ultrasonic extraction has a
higher TFC content than conventional-methanolic extraction is thought to be due to the increase
in the amount of free flavonoids in the samples with the applied ultrasonic process. In addition,
the higher amount of TFC in the samples compared to TPC may be due to the conversion of
flavonoids bound with AICIs to free form with strong acid in TFC measurement.

Murathan (2020) reported that the TPC and TFC of D. lotus fruit extracts were 130.3
and 12.7 mg/100 g dw, respectively. Nabavi et al. (2009) founded that TPC and TFC of D. lotus
extract were 10.2 mg/g dw and 2.1 mg/g dry extract powder. The amount of TPC we obtained
in our study was generally higher than the results of Murathan (2020), however, it was lower
than the results reported by Nabavi et al. (2009). TFC results were compared with the literature,
our results were lower than Murathan (2020) but generally higher than Nabavi et al. (2009).
The difference between the results in our study and the literature may be due to the analysis
method used, the harvest time of the fruit, the climatic conditions, and the differences in the
applied processes (drying, extraction process, storage, etc.). In addition, in a study by Gao et al.
(2014), the highest amount of TPC for D. lotus was determined to be 4.35 and 9.11 times higher
in the water extract than in the methanol and acetone extracts, respectively. As stated by Gao
et al. (2014), the effect of the solvent type used in the extraction in the results of the analysis
was determined once again in our study.

DPPH is a widely used stable free radical to evaluate the antioxidant activities of
bioactive compounds and food extracts. In the antioxidant activity results, the extract using
water in ultrasonic extraction (28.40% inhibition) had a higher value compared to methanol
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(21.54%) (p<0.05). It was determined that the antioxidant activity values of the samples
increased with rising time and temperature values in conventional-water extraction. In both
conventional extraction methods, the highest % inhibition was found in the 6-hour applications
(p<0.05). Extracts using water as a solvent in conventional extraction had higher antioxidant
activity values compared to methanol in the same extraction time (p<0.05). Conventional water
extraction applied at 50 °C for 6 hours had the highest antioxidant activity among all
applications with 58.58% inhibition (p<0.05). It was thought that there was a decrease in
antioxidant activity values due to increased heat and disintegration in the samples with the
applied ultrasonic process.

D. lotus extracts exhibit dose-dependent DPPH antioxidant activities, eliminating free
radicals and protecting against oxidative stress, attributable principally to the contained
phenolics and flavonoids (And et al., 1997; Gao et al., 2014). Murathan (2020) founded that the
DPPH value of D. lotus fruit extracts was 69.6%. The difference between the results obtained
and the literature may be due to differences in the picking time of the samples, drying method,
and extraction process (Tian et al., 2020). Also, the variability in the TPC caused by different
solvents may be due to the varying solubility of the phenolic compounds, which is directly
related to the compatibility of the compounds with the solvent system (Gao et al., 2014). Based
on the present antioxidant results, it is predicted that the D. lotus fruit contains diverse phenolic
and flavonoid compounds with different polarity and antioxidant properties. In our study, water,
a polar solvent, was determined to be a better extraction solvent for antioxidants from the D.
lotus fruits than less polar solvents such as methanol.

4. Conclusion

Recent studies are investigating the potential of using fruit as antioxidants against
various diseases caused by free radicals. In this study, the components showing antioxidant
activity were tried to be extracted by using different solvent and extraction methods of total
phenolic and flavonoid contents in D. lotus extract. It was determined that the obtained extract
using water for 3 minutes by ultrasonication gave the highest value for TPC, while the
ultrasonic-methanolic extract gave the highest value for TFC. However, conventional water
extraction for antioxidant activity gave the highest results at 50 °C in 6 hours. As a result, the
polarity of the solvent is one of the factors affecting the solubility of the phenolic compounds.
It was concluded that depending on the polarity of the solvent used in the extraction and the
extraction conditions, the total amount of phenolic and flavonoid contents and antioxidant
activity of the obtained extract are directly and significantly affected. In addition, ultrasound-
assisted extraction is less time-consuming and more efficient in extracting bioactive compounds
from solid plant matrixes than older conventional used techniques. Therefore, the specified
solvent type and extraction conditions should be considered in order to ensure maximum
bioactive compounds in the extraction of D. lotus.
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Table 1. TPC (mg GAE/100g dw), TFC (mg QE/100 g dw) and antioxidant activity values of the

samples
TPC TFC DPPH (%)
Ultrasonic extraction
Water-US 248.11+7.0718 13.04+5.42%4 28.40+0.42™

Methanol-US  212.00+6.29g™ 1435.58+54.23¢8 21.45+0.21%A
Conventional-water extraction

25°C-1h 108.11+3.933A 23.77+11.93%A 21.60+1.05%A

25°C-3h 166.44+1.57°8 200.92+21.69°8 22.86+1.78"A
E 25°C-6h 202.00+9.43f¢ 576.69+32.54C 26.63+0.00°®
g 50°C-1h 203.72+4.017"C 194.79+30.37°8 26.78+0.21°®

50°C-3h 216.44+4.71"° 584.36+21.69%C 30.47+0.639

50°C-6h 230.89+3.14F 1121.17+43.38%0 58.58+0.00"P

Conventional-methanolic extraction

25°C-1h 123.67+2.36"A 684.05+75.92¢A 20.34+1.99%4
S 25°C-3h 147.56+6.2998¢ 714.72497.61°A 21.52+1.573A8
S 25°C-6h 161.44+5.50%C 607.36+10.854  23.08+0.00°ABC
% 50°C-1h 131.44+8.64°AB  737.73+£130.14°A  21.82+0.103cAB
= 50°C-3h 143.67+0.79¢8 1197.85+108.459% 23.89+(0.31¢d4BC

50°C-6h 193.67+£10.21™  615.03+195.21¢A 25.30+1.05%¢

Data are expressed as meantstandard deviation.
a.b.¢ Different superscript lowercase letters show differences between all applications (p < 0.05).
A.B.C.D Different superscript uppercase letters show differences between application groups (p < 0.05).
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Abstract

In this study, the total phenolic (TPC) and flavonoid contents (TFC) and antioxidant
activity of extracts obtained by extracting Prunus spinosa L. fruit with different solvent types
were investigated and the changes in bioactive compounds depending on the solvent type and
extraction process (25 °C and 50 °C; 1, 3 and 6 hours) were evaluated. As a solvent, water and
methanol were used and conventional and ultrasonic extraction processes were applied. TPC of
the samples was determined as 74.22-701.44 mg GAE/100 g fw and TFC was determined as
248.47-3728.53 mg QE/100 g fw. The highest amount of TPC and TFC were obtained in
ultrasonic-methanolic extraction. DPPH antioxidant activity values were found in the range of
61.61%-73.45% and the highest value was determined in the sample in which water was used
as a solvent in ultrasonic extraction. Although an increase was observed in TPC and antioxidant
activity values in the samples with rising temperature and extraction times in general, there was
a decrease in the amount of TFC in conventional-methanolic extraction. As a result, it was
determined that ultrasonic-methanolic extraction for TPC and TFC and ultrasonic-water
extraction for antioxidant activity gave optimum results.

Keywords: P. spinosa, extraction conditions, bioactive compounds

1. Introduction

Medicinal plants with antioxidant properties acquire an increasingly wider application
in the food industry, pharmaceutical industry, and cosmetics as effective remedies in
counteracting the damaging action of free radicals and in stopping pro-oxidant processes that
can cause various pathological states (Deng et al., 2013; Shahat et al., 2019). For this reason,
research continues with medicinal and aromatic plants rich in valuable compounds
(Ghorbanpour et al., 2017).

Plants produce large amounts of phytochemicals with antioxidant abilities to counteract
oxidative stress induced by environmental conditions (Li et al., 2012; Vujanovi¢ et al., 2019).
Nowadays, it has been proven that high intake of fruits and vegetables may reduce incidences
of serious health disorders caused by oxidative stress (Diaconeasa et al., 2017; He et al., 2019).
Thus, many plant species have been explored for natural bioactive compounds that could be
implemented in the food, cosmetic, and pharmacy industry (Cosmulescu et al., 2017).
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Prunus spinosa L. (Rosaceae), known as “blackthorn” or “sloe”, is commonly found in
European deciduous forests and temperate countries of Asia, especially in central, north, west,
and south Anatolia (Kumarasamy et al., 2003). Fresh fruit extracts are an excellent source of
polyphenolic compounds, as free radicals scavengers, which can significantly alleviate the
negative effect of free radicals in the organism (Ruiz-Rodriguez et al., 2014; Velickovic et al.,
2014). It is commonly used as a source of natural bioactive which has a critical role to prevent
diseases such as hypertensive, cardiac, etc. (Marchelak et al., 2017). In addition, its leaves and
flowers are used in the treatment of various diseases such as constipation, diuretic, laxative, and
diabetes in Turkey (Karakas et al., 2019; Temiz et al., 2021).

Extraction is an important step for the detection of bioactive constituents from plant
materials. The selection of a suitable extraction technique is also important for the
standardization of herbal products as it is utilized in the removal of desirable soluble
constituents, leaving out those not required with the aid of the solvents. Further, selection of
appropriate extraction process and optimization of various parameters are critical (Dhanani et
al., 2017; Stankovi¢ et al., 2019).

Phenolic compounds can have different hydroxyl groups that can be combined with
sugars, acids or alkyl groups. Therefore, the polarities of phenolic compounds are highly
variable and it is difficult to develop a single method for efficient extraction of all phenolic
compounds (Mokrani and Madani, 2016). In this study, P. spinosa fruit was extracted using
conventional extraction and ultrasonic extraction with water and methanol as solvents. In order
to determine the optimum extraction method in total phenolic and total flavonoid content and
antioxidant analyzes of the extracts, conventional extraction was performed at 25 °C and 50 °C
for 1, 3, and 6 hours and the results were compared with ultrasonic extraction.

2. Materials and methods

2.1. Sample and extraction

P. spinosa fruits were harvested from Tekirdag province in October 2018. The samples
were immediately transported to the laboratory after collecting and foreign substances were
removed. The plant was identified, and a specimen was deposited at the Herbarium of Van
Yiiziincii Y1l University.

In conventional extraction, 10 g P. spinosa fruit was added into 100 mL solvent
(distilled water or methanol). It was sealed with parafilm and covered with aluminum foil to
prevent from light. Extraction was carried out on a magnetic stirrer (Wisd WiseStir MSH-20D)
at 750 rpm for different times (1, 3 and 6 hours) and at different temperatures (25 °C and 50
°C). Afterwards, it was centrifuged (Hettich Universal 320r) for 5 minutes at +4 °C and 3500
rpm in falcon tube, by being separated from the filtrate solid particles by a buncher funnel. The
resulting supernatant was removed from small particles by being filtered by a 45 um PTFE
syringe filter.

For ultrasonic extraction (US), 1 g of sample in 10 mL solvent (distilled water or
methanol) was treated with ultrasonic sound waves used for 3 min at 50% amplitude using an
ultrasonic homogenizer (Bandelein, Sonopuls HD 3200, Germany) fitted with a Bandelin UW
3200 ultrasonic probe (maximum power 200 W, 20 kHz, Germany).
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Both prepared P. spinosa extracts (conventional and ultrasonic extraction) were stored
in amber bottles under a nitrogen atmosphere at -24 °C until further analysis.

2.2. Standards and chemicals

Methanol, sodium nitrite, aluminum chloride, sodium hydroxide, and sodium carbonate
were obtained from Merck (Darmstadt, Germany). 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical, gallic acid and, quercetin standards were purchased from Sigma-Aldrich Co. (St. Louis,
MO, USA).

2.3. Total phenolic content

Total phenolic content of the extracts was determined using the method described by
Singleton and Rossi (1965) with slight modifications. Extracts were diluted with methanol in
appropriate ratio, and then 0.4 mL of extract, 2 mL of 1/10 water-diluted Folin-Ciocalteu
reagent, and 1.6 mL of 7.5% sodium carbonate solution were mixed. The mixture was kept in
dark for 60 min, after which the absorbance was read at 765 nm. Results were expressed as mg
gallic acid equivalent (GAE) per 100 mg fresh weight (fw).

2.4. Total flavonoid content

The analysis was determined using the method described by Zhishen et al. (1999) with
some modifications. For analysis, 5 mL of water and 0.3 mL of 5% sodium nitrite (NaNO3)
solution were added to 1 mL of extract, then mixed with vortex and incubated for 5 minutes.
Then, 0.6 mL of 10% aluminum chloride (AICI3) was added, mixed, and incubated for another
5 minutes. At the end of the period, 2 mL of 1 M sodium hydroxide (NaOH) was added to the
mixture and made up to 10 mL with distilled water, and the absorbance was measured at 510
nm wavelength. Results were expressed as mg quercetin/100 g (QE/100 g fw).

2.5. DPPH assay

DPPH assay was performed according to Pyo et al. (2004), with a slight modification.
Fruit extract (0.1 mL) was added to 3.9 mL of DPPH solution (0.025 g/L in methanol). The
mixture was left for 60 min in the dark at room temperature until the reaction reached a plateau.
The absorbance at 517 nm was measured by a spectrophotometer at the end of the time and the
results were expressed as % inhibition (Eq. 1).

S (Abs control - Abs sample) 1)
% inhibition = X 100
Abs control

2.6. Statistical analysis

The study was carried out with three replications and all analysis was performed in
triplicate. The obtained data were analysed using the SPSS package program version 18 for
one-way analysis of variance (ANOVA). Duncan’s multiple range test procedure was used to
identify significant differences (p< 0.05).
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3. Results and discussion

The total phenolic content, total flavonoid content, and DPPH antioxidant activity (%
inhibition) values of the P. spinosa fruit extracts are given in Table 1. The highest amount of
TPC was detected in the methanolic extract in ultrasonic extraction (p<0.05). The highest
amount of TPC in conventional-water extraction was determined with 149.22 mg GAE/100 g
fw value in the samples extracted for 6 hours at 50 °C (p<0.05). Similar to conventional water
extraction, as the extraction temperature and time were rose, the TPC values of the samples
increased in conventional-methanolic extraction (p<0.05). The difference between the amounts
of TPC detected at the same time in both temperature values of conventional-methanolic
extraction was insignificant (p>0.05). In all results obtained for TPC, the highest values were
measured in ultrasonic-methanolic extraction compared to conventional extraction (water and
methanolic).

The total phenolic content of P. spinosa was determined as 192.60 mg GAE/100 g fresh
fruit by Cosmulescu et al. (2017). In another study, the TPC amount of P. spinosa was 546.56
and 858.75 mg GAE/kg fw in samples harvested in September and November, respectively
(Dragovi¢-Uzelac et al., 2007). The bioactive compounds of fruits are mainly affected by
climate, extraction conditions, solvent, and altitude (Okumus and Bakkalbasi, 2021), solvent
polarity, extraction temperature, sonication time, etc. (Ivanovic et al., 2014). The difference
between the results obtained and the literature is thought to be due to the differences in solvent,
harvest time and extraction conditions, as mentioned.

The highest TFC of the samples in ultrasonic extraction was found in methanolic
extraction with a value of 3728.53 mg QE/100 g fw. The lowest amount of TFC in conventional-
water extraction was determined as 248.47 mg QE/100 g fw in samples extracted at 50 °C for
1 hour. In conventional-water extraction, the TFC amounts of the samples increased with rising
extraction time (p<0.05). Although the results of conventional-methanolic extraction were
higher than the samples extracted with water, a significant decrease was determined in TFC
with increasing extraction time (p<0.05). Despite the decrease in TFC, methanol was found to
be a better solvent than water in its conventional extraction. In addition, ultrasonic-methanolic
extraction gave much better results for TFC compared to conventional extraction. The flavonoid
content of the fruits was generally found in the range of 0.4-1.3 mg QE/g fw (Veli¢kovi¢, et al.,
2014; Radovanovi¢, et al., 2013) and Cosmulescu, et al. (2017) found it to be 68.21 mg QE/100
g fw. The results obtained are consistent with our study.

DPPH results of the samples in ultrasonic extraction were close to each other for both
solvents (p>0.05). In conventional-water extraction, the highest antioxidant activity value was
measured as 64.82% in samples extracted at 50 °C for 6 hours. The antioxidant activity values
detected in the samples with rising extraction time and temperature increased for both solvents
in conventional extraction. There was no significant effect of solvent types on the results
obtained in conventional extraction (p>0.05). In addition, DPPH results detected in ultrasonic
extraction were higher compared to conventional extraction. In a study, P. spinosa extracts
exhibited strong scavenging activity against DPPH radicals, which ranges from 32.05 to
89.10% (Velickovi¢ et al., 2014). Based on the present antioxidant results, it is predicted that
the P. spinosa fruit contains diverse phenolic and flavonoid compounds with different polarity
and antioxidant properties. In our study, it was determined that water, a polar solvent, was a
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better extraction solvent than methanol, which is a less polar solvent, in ultrasonic extraction
for P. spinosa fruit antioxidants.

4. Conclusion

P. spinosa fruit extract exhibits a high phenolic content and a high antioxidant activity,
and can be used as an antioxidant in food and pharmaceutical industries. Extraction conditions
and techniques influence bioactive compounds of extracts. Ultrasound-assisted extraction is
less time-consuming and more efficient in extracting bioactive compounds from solid plant
matrixes than older traditionally used techniques. In this study, ultrasound-assisted extraction
of P. spinosa fruit extract showed significant advantages in total phenol and flavonoid contents
and antioxidant activity. The results obtained from the extraction method also differed
according to the type of solvent used in the extraction. As a result, the optimum extraction of
bioactive compounds in P. spinosa fruits provides important information about their use in food
production, food supplements, and medical applications.

Table 1. TPC (mg GAE/100g fw), TFC (mg QE/100 g fw) and antioxidant activity values of the samples

TPC TFC DPPH (%)
Ultrasonic extraction
Water-US 394.22+3.144 1980.06+43.38°A 73.45+2.41A
Methanol-US 701.44+8.6418 3728.53+151.83™® 72.78+0.00¢A
Conventional-water extraction
25°C-1h 74.224+0.00%4 254.60+10.85%B 61.61+1.57%
_ 25°C-3h 96.44+1.57%8B 266.26+21.69%8 62.72+0.63%cdAB
% 25°C-6h 138.114+2.36%¢ 285.28+32.54%8C 63.17+1.052%cdAB
2 50°C-1h 75.9442 .38%A 248.47+19.52348 62.94+1.36%cdAB
50°C-3h 09.78+4.71°® 269.94+10.85¢ 64.57+0.73%8
50°C-6h 149.22+3.930 304.45+5.428C 64.82+1.05%
Conventional-methanolic extraction
25°C-1h 87.56+7.86%A 1059.82+130.14¢CP 61.6940.42%A
S 25°C-3h 09.89+4.56°® 083.13+£108.45¢ 62.20+0.733°A
cc% 25°C-6h 137.00+£3.939¢ 631.13£20.61°A 63.68+0.1(20cdBC
5 50°C-1h 84.78+5.500cA 1259.20+108.459° 62.87+1.05%cdAB
= 50°C-3h 107.00+2.36™® 937.12465.07¢6¢ 64.20+0.42PcdEC
50°C-6h 142.56+0.799C 737.73+43.38PA8 64.94+0.009¢

Data are expressed as meantstandard deviation.
ab.¢ Different superscript lowercase letters show differences between all applications (p < 0.05).
A.B.C.D Different superscript uppercase letters show differences between application groups (p < 0.05).
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Soylulastirma, temelde sermayenin yatirim yapilmayan alanlara yeniden yatirimini ve mekanin
yeniden liretimini saglayan kentsel planlama politikasinin neden oldugu rant farkinin yol a¢tig1
sosyal, kiiltiirel ve fiziksel degisim siireci olarak ele alinir. Artan emlak ve kira degerlerinin
miilkiyet haklarinin el degistirmesine yol actig1 bu siiregte rant farkini karsilayamayan gelir
gruplari, etnik gruplar ve savunmasiz gruplarin yerinden edilmesi bu degisime eslik eder.
Kentsel doniistimiin kim i¢in oldugunu sorgulayan arastirmacilarin kullandigi soylulastirma
kavrami i¢inde son on yildir, dogal varliklarin ve ¢evrenin degerinin kullanimi iizerinden
yapilan tartigmalar artmaktadir.

Hizli kentlesme, iklim degisikligi ve cevre kirliligi karsisinda, direngli kentler yaratmay:
hedefleyen kent planlar1 ve kentsel ¢cevre politikalari ile yesil alan uygulamalar: belli agilardan
fayda saglasa da diisiik gelirli ve savunmasiz insanlar1 yerinden ederek bir yesil paradoks
olusturarak cevresel / ekolojik/ yesil soylulastirmaya yol agmaktadir.

Cevresel soylulagtirma kavrami, sehir planlama, c¢evre bilimleri, sosyoloji, cografya bilim
alanlarinda 6nemli arastirma konularindan biri haline gelmektedir. Bu ¢calisma, Web of Science
veri tabanina dayanan Citespace programi kullanilarak 2009-2020 yillar1 arasinda yayinlanmis
120 calismay1 analiz ederek, cevresel soylulagtirma kavraminin alanyazindaki gelisimini,
arastirmalarin odaklandig1 konular1 ve arastirma egilimlerini ortaya koymay1 amaglamaktadir.
Calisma, alanyazinda g¢evresel soylulagtirma c¢alismalarina vurgu yapmak i¢in sistematik bir
analiz sunmaktadir.

Arastirma sonucu, yayin sayisinin giderek artig gostermekte oldugunu ve konunun disiplinler
arast bir konu haline geldigini gostermektedir. Yapilan ¢alismalar cevresel soylulagtirma
kavraminin, ¢evresel adalet, iklim degisikligi, siirdiiriilebilirlik ve yerinden edilme konulari ile
birlikte ele alindigin1 ortaya koymaktadir. Alanyazindaki egilim, siirdiiriilebilirlik odakli
arastirmalardan iklim degisikligi odakli arastirmalara, ¢evresel adalet ¢evresel soylulastirma
kavramu ile birlikte iklim soylulastirmasi tartismalarina evrilmektedir.

Anahtar Kelimeler : Cevresel soylulastirma, Bibliyometrik analiz, Citespace.
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1. GIRIS

Soylulastirma, arastirmacilar tarafindan biiyik ilgi goren oldukga tartismali bir kavramdir.
Soylulagtirma, temelde sermayenin yatirim yapilmayan alanlara yeniden yatirimini ve mekanin
yeniden liretimini saglayan kentsel planlama politikasinin neden oldugu rant farkinin yol ac¢tig1
sosyal, kiiltiirel ve fiziksel degisim siireci olarak ele alinir. Artan emlak ve kira degerlerinin
miilkiyet haklarimin el degistirmesine yol actigi bu siirecte rant farkini karsilayamayan
yerlesikler, gelir gruplari, etnik gruplar ve savunmasiz gruplarin yerinden edilmesi bu degisime
eslik eder. Giin gegtikge, soylulagtirma kavrami daha karmasik hale gelmektedir. Soylulastirma
olgusu sehirden kirsal alanlara kadar yayilmaktadir ve kiiresel bir olgu haline gelmektedir.
Kirsal soylulastirma, 6grencilestirme, turistlestirme ve siiper soylulastirma gibi kavramlar ile
alanyazinda genisleyen bir ¢alisma alanidir. Kentsel doniisiimiin kim i¢in oldugunu sorgulayan
arastirmacilarin kullandig1 soylulastirma kavrami i¢inde son on yildir, dogal varliklarin ve
¢evrenin degeri iizerinden yapilan tartigmalar da artmaktadir.

Diinya capinda kentlesmenin hizlanmasi ile kentlerin sayis1 ve biiyiikliigii ¢arpict bir sekilde
artmaktadir ve kentler giderek daha kalabalik ve ¢evre sorunlari artan yerler haline gelmektedir.
Mevcut hizli kentlesme, kiiresel iklim degisikligi ve ¢evre kirliligi karsisinda, birgok sehir
kentsel yesil alan diizenlemeleri ile karsilastigi sorunlari ¢ozmeye calismaktadir. Kentsel
alanlardaki terk edilmis kirli sanayi alanlar1 iyilestirerek, yeni yesil alanlar ve ¢evre dostu yesil
binalar insa ederek sakinlerine temiz, saglikli ve siirdiiriilebilir bir kentsel ortam yaratma
egilimindedir.

Aragtirmacilar, diisiik gelirli bolgelerde kentsel yesil alanlarin inga edilmesinin veya terk
edilmis sanayi alanlarinin yeniden gelistirilmesinin ve kullanilmasinin bir yesil alan paradoksu
yaratabilecegini ortaya koymaktadirlar (Wolch vd., 2014). Yesil alan saglamak i¢in yapilan
tyilestirilmelerin ve yeni yesil alanlarin eklenmesi ile beraber ¢cevredeki rant degerinin artmasi
ile sonuglanan ve diisiik gelirli sakinlerin yasam maliyetini karsilayamaz hale getiren
uygulamalarin dolayli olarak yerinden edilme siireci ile yliz ylize kalmaktadirlar (Bockarjova
vd., 2020).

Dolayisiyla, soylulastirma diistik gelirli ve diger savunmasiz insanlarin yerinden edilme riski
olusturarak kentsel alanlarda bir problem haline gelmektedir (Maantay ve Maroko, 2018). Bu
stireg, iklim degisikligi ile miicadele politikalarinin uzantisinda, kentsel yesillendirme, ¢evresel
tyilestirme, siirdiiriilebilirlik gibi s6ylemler ve uygulamalar altinda kamu veya 6zel yatirimei
cabalar1 yoluyla kentsel alanlarda gerceklestiginde daha da hizlanmaktadir. Bu da son yillarda
onemli arastirma konusu olan cevresel soylulastirma (environmental gentrification), yesil
soylulagtirma (green gentrification), ekolojik/eko soylulastirma (ecological/eco gentrification),
iklim soylulastirmasi (climate gentrification) ve karbon soylulastirmasi (carbon gentrification)
olarak adlandirilan bir olguyla sonu¢lanmaktadir.

Sieg ve digerleri (2004) gevresel soylulastirma olgusunu, Giliney Kaliforniya'daki farkli

mahallelerin hava kalitesindeki degisikliklere yanit olarak degisen niifus ve degisen arazi
fiyatlarinin etkilerini incelerken ortaya koymustur. Yesil soylulastirma veya ekolojik
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soylulastirma olarak da adlandirilan bu siireg, son zamanlarda alanyazinda biiylik ilgi
¢ekmektedir. Sehirlerde yesil altyapr (Rigolon ve Nemeth, 2020) ve yesil binalar (Yazar
vd.,2020) gibi girisimler yoksul alanlarda gerceklestiginde ¢evresel soylulastirmaya yol
acmaktadir. Dooling (2009), ekolojik soylulastirma kavramini, “ekonomik agidan en
savunmasiz niifusun/toplulugun yerinden edilmesine veya dislanmasina yol agan kamusal agik
yesil alanlarla ilgili bir ¢evre planlama giindeminin uygulanmasi” olarak tanimlamaktadir.
Checker (2011) ¢evresel soylulastirmay1 “gelismis kapitalizm ¢aginda kentsel kalkinma,
ekolojik fikirli girisimler ve ¢evresel adalet aktivizminin yakinsamasi” olarak tanimlamaktadir.
Gould ve Lewis (2016) yesil soylulastirmayi, “sehirdeki segkinler igin ¢evresel ayricalik
yaratma ve giiclendirme siireci” olarak tanimlamaktadir.

Yukarida gizilen bu ¢ergevede, ¢evresel soylulastirma ile ilgili alan yazinda son on yildir gesitli
yontemlerle arastirmalar yapilmaktadir. Buna ragmen ilgili konunun genel yapisinin
ozelliklerini ortaya koyan ve kavramlarin birlikte degerlendirildigi ¢aligmalar sinirh
olmaktadir. Giinlimiizde Bibliyometrik analiz yontemi, alanyazinda sistematik ve hizli bir
arastirma yapmak i¢in yaygin olarak kullanilmaktadir. Bu nedenle, ¢evresel soylulastirma
aragtirmalarin1 analiz etmek i¢in bibliyometrik analiz yontemi ve Citespace programi
secilmistir.

Bu galismanin amaci, segilen veri tabaninda yer alan “gevresel soylulastirma” (environmental
gentrification), “yesil soylulagtirma”(green gentrification), ‘“ekolojik soylulagtirma”
(ecological/eco gentrification), “iklim soylulastirmasi”(climate gentrification) ve “karbon
soylulastirmasi” (carbon gentrification) anahtar kelimeleri ile aranan ¢alismalarin bibliyometrik
analizini gergeklestirerek ilgili bilim alaninda arastirma yapan filke, kurum, yazarlarin
katkilariin ortaya ¢ikarilmasi, ¢evresel soylulastirma arastirmalarinin odaklandig1 konular1 ve
arastirma egilimlerini analiz ederek bu alandaki arastirmalar hakkinda sistematik bir goriis
saglayarak ilgili arastirmacilara katki ve Oneri sunmaktir. Bu nedenle, 2009-2020 yillar
arasindaki c¢evresel soylulastirma konusunun gelisimi ile ilgili sistematik bir genel bakis
gerekmektedir. Bu amaca ulasmak igin, bu calisma esas olarak asagidaki sorular1 ele
almaktadir:

(1). Alanyazinda gevresel soylulagtirma kavraminin bibliyometrik yapisi nedir ?
(2). Cevresel soylulastirma konusundaki arastirmalarin odaklandigi konular ve arastirma
egilimleri nelerdir?

Ozetle bu ¢alisma, cevresel soylulastirma kavraminin genel yapisini, odaklandigi konular1 ve
arastirma egilimlerini bibliyometrik analiz ve Citespace programi kullanilarak, son 12 yil i¢in
cevresel soylulastirma konusunun gelisimi hakkinda sistematik bir degerlendirmeye yardimci
olacaktir.

2. MATERYAL VE YONTEM

2.1 Veri Tabaninmin Secilmesi ve Verilerin Toplanmasi
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Bibliyometrik analizi gerceklestirmek i¢in, ilk 6nce kapsamli erisim saglayan bir veri tabani
se¢mek gerekmektedir. Bu ¢alismada verileri elde etme ve islenmesinde belli 6lgiide kolayliklar
saglamasi, aynt zamanda kapsamli ve zengin igerikler sunmasindan dolayr Web of Science veri

tabani tercih edilmistir.

Ikinci adimda, veri tabanindan verileri elde etmek i¢in uygun anahtar sdzciikler segmek
gerekmektedir. 2009-2020 yillar arasinda ¢evresel soylulastirma ile ilgili Web of Science veri
tabaninda basliklar, 6zetler ve anahtar kelimelerde “cevresel soylulastirma” (environmental
gentrification), “yesil soylulagtirma” (green gentrification), “ekolojik/eko soylulagtirma”
(ecological/eco gentrification), “iklim soylulastirmasi” (climate gentrification) ve “karbon
soylulagtirma” (carbon gentrification) olarak tarandiktan sonra yapilan eleme neticesinde
toplam 120 ¢alisma elde edilmistir. Veri segme donemi 2009—2020 y1l arasi olarak seg¢ilmistir.
2009 yilinin baslangi¢ olmasinin nedeni, Web of Science veri tabaninda ¢evresel soylulagtirma
ile ilgili aragtirmalarin bu y1l basladigindan dolayidir.

2.2 Yontem ve Arag

Bibliyometrik analiz yontemi gilniimiizde olduk¢a yaygin kullanilan bir yontemdir.
Bibliyometri, matematiksel ve istatistiksel yOntemlere dayanarak alanyazindaki bilimsel
calismalar1 sistematik bir sekilde analiz eder (Pritchard, 1969). Bibliyometrik analiz konu ile
ilgili alanyazmin temel bilgileri ve gelisme durumunu hizli bir sekilde kavramasina olanak
saglayan nicel bir aragtirma yontemidir (Liu vd., 2019).

Alanyazindaki bilimsel ¢aligmalarin sayisinin hizli artmasiyla birlikte, son yillarda biiyiik
miktardaki alanyazin verilerini analiz etmek icin g¢esitli gorsellestirme programlari
gelistirilmistir. Boylelikle, belirli konularin alanyazin verilerini kullanarak ve gorsellestirerek
ilgili konuyu ifade etmek ve Ozelliklerini hizlica kavramak miimkiin hale gelmektedir.
Citespace gorsellestirme araci, alanyazin verilerini analiz etmek i¢in kullanilan Java
programina dayali bilgi gorsellestirme yazilimidir (Chen, 2006). Citespace programi ilgili
konunun bilgi yapisini inceleme, gelisme egilimlerini tespit etme ve bu sonuglart gorsellestirme
ozelliklerine sahiptir.

Bu caligmada veriler toplandiktan sonra bibliyometrik ve Citespace programi yardimu ile veriler
gorsellestirilmistir.

3.BULGULAR

Yapilan calismada veriler, zamansal ve konumsal olarak degerlendirilmekte ve yapilan
arastirmalarin anahtar sozciikleri iizerinden ¢evresel soylulastirma kavramimin gelisimine
katkida bulunan yazarlar, kurumlar, dergiler, onemli makaleler goriilebilmektedir. Bunun yani
sira kavram ile ilgili gelismeler ve egilimler analiz edilerek arastirmact i¢in alanyazin haritasi
¢ikarilmaktadir.
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3.1 Cahsmalarin Yillara Gore Dagilimi

Zaman icindeki yaymlarin sayisal degisimi, belli oranda ilgili alanin gelisme egilimini
yansitmaktadir. Cevresel soylulastirma ile ilgili ¢alismalarin sayis1 giin gectikce artis
gostermektedir (Grafik 1). Bu da konunun 6neminin giderek arttigini ve arastirmacilar
tarafindan benimsenen bir ¢calisma alani oldugunu ortaya koymaktadir. Kavram {izerine iiretilen
caligmalarin sayisinda, 2015 yilindan sonra ve Ozellikle 2018 sonrasinda 6nemli bir artig
izlenmektedir.

Bu calismalarin 2015 yilindan itibaren artisinda, iklim degisikligine bagli olarak kentsel
alanlarda cevresel iyilestirmeye yonelik projelerin hizlanmasina yol agan bir dizi kiiresel
Olgekte yapilan anlasma ve yayinlanan raporlarin katkist olmustur. 2015 COP 21 Paris
Anlasmast; 2015 Birlesmis Milletler “Siirdiiriilebilir Kalkinma Amagclari”nin giincellenmesi
ve Ozellikle 11. hedef olan sehirlerin ve insan yerlesimlerinin kapsayici, giivenli, dayamikh
ve siirdiiriilebilir yerler olmasi konusunda kent yonetimlerine ornek rehberler ve fonlar
sunmasi; 2016 HABITAT III kiiresel toplantisinda, yeni kentsel giindem gibi

belgelerin 6nemli bir payir oldugu sdylenebilir. Bu politikalarin uygulanmasi sonucunda
kentlerde mekansal esitsizlige ve yerinden edilmeye yol agan yeni bir "soylulagtirma" siireci
oldugu son donem yapilan arastirmalarda vurgulanmaktadir.
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Grafik 1. Web of Science Veri Tabanindaki Cevresel Soylulastirma ile ilgili Calismalarin Yillara
Gore Dagilimi

3.2 Calismanin Tiirleri

2009 - 2020 yillar1 arasinda yapilan toplam 120 ¢alismanin 6nemli bir kismi makalelerden
olugmaktadir. Web of Science'dan elde edilen toplam yayinlarin 93'i (% 77) makale, 8’1 kitap
incelemesi (% 7), 6’s1 kitap boliimii (%5), 6’s1 incelemeler (%5), 4’1 editoryal materyal (%3)
ve 3’1 toplant1 6zeti (%3) olmaktadir (Grafik 2).
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Grafik 2. Web of Science Veri Tabanindaki Cevresel Soylulagtirma Konusunda Yapilan Calismalarin
Tiirlere Gore Dagilimi

3.3 Bolgesel Dagihm

Gorsel 1, Web of Science veri tabanindan elde edilen ¢evresel soylulastirma ¢alismalari ile ilgili
en lretken cografya ve iilkeleri gostermektedir. Cografi dagilim agisindan Kuzey Amerika
kitas1 (78 ¢alisma) ve onu Avrupa kitasi (61 ¢alisma), Asya kitasi (6 ¢alisma), Avustralya kitasi
(3 ¢alisma), Giiney Amerika (2 ¢alisma), Afrika kitasi (2 ¢alisma) izlemektedir. Kuzey Amerika
ve Avrupa kitasinin cevresel soylulastirma aragtirmalarinda onemli bir bdlge oldugu
sOylenebilir.

Cizelgel’de, Web of Science veri tabaninda en ¢ok calismaya sahip olan ilk on iilke
listelenmektedir. ABD 71 ¢alismayla en iiretken iilke olmaktadir. Ispanya 21 galigmayla ikinci
iiretken iilke olurken, Ingiltere 8 ¢alisma ile {igiincii iiretici iilke konumundadir. Uretken diger
iilkeler arasinda Kanada 7, Almanya 7, Hollanda 5, Italya 4, Polonya 3, Isvec 3 ve Avustralya
3 ¢alismada bulunmaktadir. Genel olarak bakildiginda, ¢evresel soylulagtirma konusu kiiresel
olarak dikkat ¢eken bir konu haline gelmektedir.
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Gorsel 1. Web of Science Veri Tabaninda Yayinlanan Calismalarin Ulke Dagilimi

Cizelge 1. En Cok Calismaya Sahip 11k 10 Ulke
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3.4 En Cok Katkida Bulunan Kurumlar

Kurum acisindan c¢izelge 2, cevresel soylulastirma ile ilgili en verimli kurumlar
gostermektedir. Web of Science veri tabanindaki verilere gore tiretkenlik agisindan, Barselona
Ozerk Universitesi 15 ¢alismayla en iiretken kurumdur. Ardindan Temple Universitesi 10
calisma , New York Sehir Universitesi 6 calisma, Barselona Kentsel Cevresel Adalet ve
Siirdiiriilebilirlik Laboratuvar1 5 ¢alisma, Arizona Devlet Universitesi 4, Arizona Universitesi
4, York Universitesi 3, Illinois Universitesi 3, Utah Universitesi 3 c¢alisma, Clemson
Universitesi 3 ¢alismayla siralanmaktadir.
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Cizelge 2. En Cok Yayin Yapan ilk 10 Kurum
Kurum Calisma
sayisi

Barselona Ozerk Universitesi 15

=
o

Temple Universitesi
New York Sehir Universitesi
Barselona Kentsel Cevresel Adalet ve Siirdiiriilebilirlik Laboratuvari

Arizona Devlet Universitesi
Arizona Universitesi

York Universitesi

Illinois Universitesi
Utah Universitesi
Clemson Universitesi

WWwwh~loo

3.5 En Uretken Arastirmacilar

Cizelge 3°de , cevresel soylulastirma konusundaki en {iretken ilk on arastirmaci
gosterilmektedir. Web of Science veri tabanindaki yayin sayisina gore, en iiretken yazarlar
Isabelle Anguelovski (15) olmaktadir. Onu James JT Connolly (8), Hamil Pearsall (5),
Alessandro Rigolon (5), Brandon Harris (4), Darren J Patrick (3), Sarah Dooling (2), Melissa
Checker (2), Helen Cole (2) ve Jennifier L Rice (2) takip etmektedir.

Cevresel soylulagtirma konularinda ¢alisma yapan arastirmacilarin farkli disiplinlerden oldugu
goriilmektedir. Ornegin, sehir planlama, ¢evre bilimleri, mimarlik, sosyoloji, cografya ve
antropoloji gibi alanlardan olusmaktadir. Dolayisiyla ¢alisma konusu disiplinler arasi bir nitelik
tasimaktadir.

Isabelle Anguelovski, ¢evresel soylulastirma konusunda etkili bir arastirmacidir. Arastirmaci
cevresel soylulagtirmayi ¢esitli yonlerden incelemektedir. Ayni zamanda Isabelle Anguelovski
ile Hamil Pearsall ve James JT Connolly yogun arastirma isbirligi i¢indedirler ve g¢evresel
soylulastirma alanyazinina 6nemli katkilar sunmaktadirlar.

Cizelge 3. En Uretken ilk 10 Arastirmaci
Yazar Calisma sayisi
Isabelle Anguelovski
James J T Connolly
Hamil Pearsall
Alessandro Rigolon
Brandon Harris
Darren J Patrick
Sarah Dooling
Melissa Checker
Helen Cole
Jennifier L Rice

[EEN
(&)
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3.6 En Uretken Dergiler

Cevresel soylulastirma ile ilgili arastirmalarda 2009-2020 doneminde en verimli on dergi
cizelge 4’te gosterilmektedir. Web of Science veri tabanindan elde edilen ilk on dergi sirasi ile
International journal of urban and regional research (9), Cities (7), Urban Geography (5), Urban
Studies (4), Journal of planning literature (4), Geoforum (4), Local Environment (4), Urban
forestry & urban greening (4), City & Community (3) ve Landscape and urban planning (3)
olmaktadir.

Dergi dagilimina bakilidginda ¢evresel soylulastirma arastiramalarinin bolge planlama, sehir
planlama, ¢evre bilimleri, kentsel ormancilik, peyzaj planlama ve cografya konularindaki farkli
dergilerde yayimlanmaktadir. Bu da cevresel soylulastirma konusunun disiplinler arasi bir
arastirma alani haline geldigini yansitan bir bagka gostergedir.

Cizelge 4. En Uretken Ilk 10 Dergi
Dergi Calisma sayisi
International journal of urban and regional research
Cities
Urban Geography
Urban Studies
Journal of planning literature
Geoforum
Local environment
Urban forestry & urban greening
City & Community
Landscape and urban planning

WA AP N|©O

3.7 En Cok Atif Yapilan Calismalar

Cizelge 5, 2009'dan 2020'ye kadar Web of Science veri tabaninda en ¢ok atif yapilan caligmalari
gostermektedir. Bu alandaki tartigmalarin diger arastirmacilar tarafindan izlenmesini saglayan
temel makale Dooling’in (2009) 185 atifla ilk sirada yer alan ¢alismasidir. Quastel’in (2009)
dogal ¢evre ve soylulagtirma siirecleri arasindaki iligkiyi sorgulayan calismasit 171 alinti
sayistyla ikinci sirada yer almaktadir. Sirastyla Haase ve digerlerinin (2017) ¢alismasi 103 alint1
ile ti¢lincii sirada yer almaktadir.

Dooling (2009) c¢alismasinda, literatiirde ilk ekolojik soylulagtirma kavramini ortaya
koymaktadir. Seattle’da yapilan arastirmada, evsizlik ve yesil alan arasindaki baglantilari
arastirmistir. Sehirlerin ¢evre planlama cabalarimi artiran ilgi ve egilimler nedeniyle yesil
alanlarin c¢ogalmasi hakkindaki eylemlerin, genellikle parkta ge¢inen insanlarin nasil
disladigini arastirmistir. Dooling, yesil alanin kamusal yararinin, alana en ¢ok erigime ihtiyag
duyan evsizlerle degil, tercih edilen kesim ile sinirli oldugunu ortaya koymaktadir ve bunun
gibi esitsizliklere kars1 kisa ve uzun donemli stratejiler nermektedir.
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Quastel (2009) makalesinde Vancouver kentindeki bir girisimci sirketin bahgeli ev reklamlarini
ornek vererek soylulastirmanin politik ekolojisi lizerinde inceleme yapmistir. Quastel (2009),
stirdiiriilebilirlik ve ¢evresel iyilestirme sdylemlerinin ¢ekici ve politikaya uygun oldugu i¢in
daha yaygin kullanilarak soylulastirmaya zemin hazirlamakta oldugunu ortaya koymaktadir.

Haase ve digerleri (2017), kentsel kamusal yesil alan uygulamalarinin kentlilerin yasam
refahina katkida bulunurken, 6te yandan orta siif ve daha yiiksek gelir gruplarini hedefleyen,
oncelikle kar odakli ¢abalar olarak kentsel yenileme ve iyilestirme uygulamalarini kullandigini
ortaya koymaktadir. Ayni zamanda bunun gibi uygulamalarin soysal etkilerinin dikkate
alinmas gerektigini vurgulamaktadir (Haase ve digerleri, 2017).

Cizelge 5. En Cok Atif Yapilan ilk 10 Caligma

No | Yazar(lar) Calisma adi Yil Toplam
alint1 sayisi
1 Dooling, S Ecological Gentrification: A Research Agenda Exploring Justice in the City | 2009 185
2 Quastel, N Political ecologies of gentrification 2009 171
3 Haase, D vd. Greening cities — To be socially inclusive? About the alleged paradox of | 2017 103
society and ecology in cities
4 Safransky, S Greening the urban frontier: Race, property, and resettlement in Detroit 2014 97
5 Brink, E vd. Cascades of green: A review of ecosystem-based adaptation in urban areas 2016 95
6 ri, K. Disparity despite diversity: Social injustice in New York City’s urban | 2015 79
agriculture system
7 Anguelovski,l. The ‘Environmentalism of the Poor’ revisited: Territory and place in | 2014 72
ve Alier, J.M disconnected glocal struggles
8 Anguelovski, | From Toxic Sites to Parks as (Green) LULUs? New Challenges of Inequity, | 2016 69
Privilege, Gentrification, and Exclusion for Urban Environmental Justice
9 Anguelovski, I. Assessing  green  gentrification in  historically  disenfranchised | 2018 64
vd neighborhoods: a longitudinal and spatial analysis of Barcelona
10 Pearsall, H From Brown to Green? Assessing Social Vulnerability to Environmental 2010 61
Gentrification in New York City

3.8 Arastirmalarin Odaklandig1 Konular

2009'dan 2020’ye kadar yayinlanan c¢alismalarin odaklandigi konulari ortaya ¢ikarmak igin
Citespace programi yardimi anahtar kelimeler elde edilmistir (Gorsel 2). Web of Science veri
tabanindaki caligmalarda en ¢ok kullanilan ilk 10 anahtar kelime ‘“soylulagtirma’’, “yesil
soylulastirma”, soylulastirma”, “cevresel adalet”, “iklim degisikligi”,
“strdiriilebilirlik”, “yerinden edilme”, “kentsel yesil alan”, “yesil altyapr” ve ‘“kentsel
yesillendirme” olmaktadir (Cizelge 6). Bu yliksek frekansli anahtar kelimeler, cevresel

“cevresel

soylulagtirma aragtirmalarinin odaklandigi konular1 yansitmaktadir.
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Cizelge 6. En Cok Kullamlan ilk 10 Anahtar Kelime

No En cok kullanilan anahtar kelimeler
Anahtar kelime Frekans

1 Soylulastirma (Gentrification) 20
2 Yesil soylulastirma (Green gentrification) 17
3 Cevresel soylulastirma (Environmental gentrification) 15
4 Cevresel adalet (Environmental justice) 13
5 Iklim degisikligi (Climate change) 8
6 Siirdiiriilebilirlik (Sustainability) 7
7 Yerinden edilme (Displacement) 6
8 Kentsel yesil alan (Urban green space) 6
9 Yesil altyap1 (Green infrastructure) 6
10 Kentsel yesillendirme (Urban greening) 5

Gorsel 2°de 120 galismanin birlikte kullanilan anahtar sézciiklerinden hareket edilerek olusan

kavram gruplar1 goriilmektedir. Soylulastirma kavramini merkezine alan “yesil soylulastirma”

9

“cevresel soylulagtirma” ve “gevresel adalet” kavramlarmin iizerinden alanyazinin igerik
olusturdugu sdylenebilir. Baslangigta secilen soylulastirma anahtar sdzciiklerinin ag haritasinda

yer aldigmi ancak agirliklarinin esit olmadigi anlagilmaktadir. A§ haritasinda alanyazinin
kavram ile iliskilendirdigi yan konular1 da arastirmacilara sunmaktadir. Bu anlamda iklim
degisikligi baglamindaki kavramlarin da alanyazin degerlendirmesinin i¢inde oldugunu ortaya

koymaktadir.
ooapnvivege vameratiiry
vacant nd . d ’ elevation
Sy green infrastructure Adisplacement .. ...
{ ! extrome weather
s dirban green space "™
nature-based solution Kousing marker .

climate gentrification

Qgreen gentrification
climate change  ecobgical gentriticanon
urban sustainability

wentrification

urban political ecolagy urban environmental justice
adaptation

£nvironmental justice

gnvironment

housing

&nvironmental gentrification

urban greening

green space . o
sustainability

Gorsel 2. Anahtar Kelimelerin Birlikte Olusum Ag Haritasi
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3.9 Arastirma Egilimi
Cevresel soylulastirma ile ilgili arastirma konularinin 2009-2020 y1l arasindaki evrimini analiz

etmek icin, Citespace program ile anahtar kelime zaman ¢izelgesi ag haritasi olusturulmustur
(Gorsel 3).

displacement

@ genrrlﬁcanon ,’ ‘ﬂ,,.a =
Qreen spaces- e s
Wrban sustainability -~ [/ /% :’,“' gentrificatk
,/ urf)l: )'o;r'w:n‘xrr‘lmt ndal juf ;my (drt- i1 Green space
u Uilyre
docial justice Adaprmon
food penitrification g aron
oot Justice fow=-ingtme
fostpiivileae limate change
’ green infrastructure

urban political ecology
urban greening

dlscainibilty cenvironmental justice

ecodensity egnvironmental gentrification

rrary rpihrs

ecofogical gentafication
)

(gentriﬁca tion

Gorsel 3. Anahtar Kelime Zaman Cizelgesi Ag Haritas1

2009'dan 2013'e kadar ortaya ¢ikan anahtar kelimeler ¢alisma sayisinin sinirli oldugundan
dolay1 nispeten az sayida olmaktadir ve odaklandig1r konular “siirdiiriilebilirlik”, “ekolojik
soylulastirma”, “politik ekoloji” gibi anahtar kelimeleri icermektedir. Bu donemde, ¢evresel
soylulastirma arastirmalarinin siirdiiriilebilirlik s6ylemlerini kullanarak soylulastirmayr nasil
kolaylastirmakta oldugu ile ilgili konulara odaklanmistir (Checker, 2011; Quastel, 2009).

b T3

2014 y1lindan bu yana, anahtar kelimelerin say1s1 giderek artis gostermektedir. 2014-2016 yillar
arasinda en c¢ok kullanilan anahtar kelimeler “cevresel soylulastirma”, “yesil soylulagtirma”

“cevresel adalet” “kentsel yesillendirme” ve “kentsel tarim” olmaktadir. Bu dénem i¢inde yesil
soylulastirma ve cevresel adalet iligkiler1 ilgi gérmeye baslamistir. Bunun disinda ¢evresel
soylulastirmanin dolayli bir sekilde gida soylulastirmasina yol agmakta oldugu ile ilgili
arastirmalar da bu siire¢ igerisinde incelenmektedir (Anguelovski, 2015).

2017 yilindan sonra iklim degisikligi biiyiik ilgi gérmekte ve ortaya ¢ikan anahtar kelimeler
arasinda “iklim degisikligi”, “esneklik”, “iklim soylulastirmasi” ve “karbon soylulastirmas1”
gibi anahtar kelimeler yer almaktadir. Bu donemde arastirmacilar arastirma konularini iklim
degisikligi ve esneklik konularina yonlendirerek arastirma yapmaya baglamistir. Cevresel
soylulastirma alaninda ortaya ¢ikan bir yeni konu olan iklim soylulagtirmasi kavrami olmustur.
Diisiik gelirli sakinlerin yerlestigi iklim degisikliginin etkilerine daha az maruz kalan
bolgelerin, emlak piyasasinda artan talep dolayisiyla yiikselen konut fiyatlarini karsilayamayan
gruplarin  yerinden edilmesi ve esitsizlikleri siddetlendiren bir siire¢ olarak
kavramsallastirilmaktadir (Anguelovski vd., 2019; Keenan vd., 2018; Shokry vd., 2020). Ek
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olarak, karbon azaltim odakli kentsel doniisiim projelerinden kaynaklanan karbon
soylulagtirmas1 da son yillarda aragtirmalarda ortaya ¢ikan yeni bir konu haline gelmektedir
(Bouzarovski vd., 2018). Mevcut arastirma sonuglari, iklim degisikli ile miicadele kapsaminda
yapilan uygulamalarin diisiik gelirli insanlar1 yerinden ederek karbon soylulagtirma olgusu
olusturdugunu gostermektedir (Blok, 2020; Bouzarovski vd., 2018).

Ozetle, anahtar kelime zaman cizelgesi ag haritasindan yola ¢ikarak ¢evresel soylulastirmanin
2009’dan bu yana ilgi ¢eken farkli konular1 da igine alarak alanyazinda 6nemli bir aragtirma
konusu oldugunu gostermektedir. Cevresel soylulastirma arastirma egilimi, ilk baslangigtaki
stirdiiriilebilirlik tizerindeki konulardan ¢evresel adalet, gida soylulastirmasi ve son zamanlarda
iklim degisikligi ile karbon azaltimi konularmi1 da alarak genislemektedir. Cevresel
soylulagtirma konusu da iklim soylulastirmasi konusuna dogru evrilmektedir.

4.SONUC

Bu arastirma Web of Science veri tabaninda bulunan calismalar1 kullanarak, bibliyometrik
analiz ve Citespace programinin yardimiyla 2009°dan 2020’ye kadar olan siire¢ igerisindeki
alan yazinda yapilan ¢alismalarin sistematik bir analizini sunmaktadir.

Alanyazinda, kavramin gelisim haritas1 kentsel yesil alan saglayan projelerin, siirdiiriilebilir
kentler konusunda uygulanan politikalarin ve gevresel iyilestirmelerin mekansal esitsizlige ve
yerinden edilmeye yol agan yeni bir "soylulastirma" siireci oldugunu gostermektedir.

Anahtar kelimenin gorsel analizi ¢evresel soylulastirma arastirmalarinin siirdiirtilebilirlik, iklim
degisikligi, kentsel yesil alan, yerinden edilme, kentsel yesillendirme ve yesil altyap:r gibi
konulara odaklanmakta oldugunu yansitmaktadir. Literatiirde Soylulastirma kavrami ile
cevresel soylulastirma ve yesil soylulagtirma kavramlar1 one ¢ikmaktadir. Ayrica ¢evresel
adalet kavraminin bu soylulastirma kavramlartyla birlikte ele alinan en 6nemli kavram oldugu
ortaya ¢cikmaktadir.

Cevresel soylulagtirma arastirmalarinin egilimi, siirdiiriilebilirlik odakli aragtirmalardan iklim
degisikligi ve esneklik odakli arastirmalara, ¢evresel soylulastirma kavrami iklim ve karbon
soylulastirmasi tartismalarina evrilmektedir.

Cevresel soylulastirma arastirma alanindaki ¢calismalar farkli yonlerden ele alinarak aragtirma
yapilmaktadir. Ancak doldurulmasi gereken 6nemli bosluklar mevcuttur. Arastirma sonucuna
dayanarak, gelismekte olan ve az gelismis iilkelerde ¢cevresel soylulastirma arastirmalarina daha
¢ok onem verilmesi gerektirmektedir. Ciinkii bu alandaki arastirma ¢abalarin biiyiik bir kismi
ABD, Ispanya ve Ingiltere gibi Bati iilkelerine odaklanmistir. Asya iilkeleri biiyiiyen
ekonomileri, artan niifus, enerji tiiketimi, ¢evre kirliligi ve iklim degisikliginin etkisini daha
¢ok yasamaktadir. Bu nedenle ¢evre ve iklim degisikligi lizerinden gelistirilecek ¢alismalarin
soylulastirma gibi olumsuz etkilerine duyarli olunmasinin mekansal esitsizlik sorunlarinin
Oonlenmesinde yardimci olacagi sdylenebilir.
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Cevresel soylulastirmanin olumsuz etiklerini azaltmak, savunmasiz ve diisiik gelirli sakinlerin
yerinden edilmesini 6nlemek icin ¢evresel olanaklardan uzun vadeli yararlanabilmesi iizerine
caligmalar yapilabilir.

Bununla birlikte kentliler i¢in yasanabilir ve siirdiiriilebilir bir yasam alan1 yaratmak icin
stirdiiriilebilirlik ve iklim degisikligi odakli politika ve uygulamalarin ¢evresel soylulastirma
olusturmadan, politikacilar, plancilar ve en 6nemlisi yerin sakinlerinin slirece katilmasini ve is
birligini destekleyecek Oneriler {izerinde arastirmalarin yapilmasi gerekir.
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OZET

Heyelanlar yeryiiziinii sekillendiren dogal olaylardan biridir. Zaman zaman insan ve
faaliyetlerini olumsuz etkilemekte ve bazen de can ve mal kayiplarina sebep olarak dogal afete
doniismektedir. Tiirkiye’nin Karadeniz Bolgesi, asirt yagislarin tetikledigi heyelanlariyla
bilinir. Bolgenin 6zellikle Dogu Karadeniz Boéliimii’ndeki Rize ve Trabzon illeri ise,
heyelanlarin en ¢ok goriildiigi illerin basinda yer almaktadir. Heyelan olusumu, uygun dogal
ortam Ozellikleri yaninda, arazi kullanimi ve arazi ortiisiindeki olumsuz degisikliklerden de
etkilenir. Bu baglamda arazi kullanimi ile heyelanlar arasindaki iliskinin bilinmesi sorunun
¢dziimii acisindan énemlidir. Bu ¢alisma, Iyidere Havzasi’nda arazi kullanimu ve yol aglari ile
heyelanlar arasindaki iliskinin nicel olarak irdelenmesi amaciyla hazirlanmistir. Iyidere
Havzasi, Soganli Daglari’nin kuzey aklaninda, Rize ile Trabzon illerinin sinir sahasinda yer
almakta ve 1055 km?’lik yiiz 6l¢iime sahip bulunmaktadir. Calisma kapsaminda, 6nce havzanin
envanter verisi hazirlanmig ve toplam 588 heyelan haritalanmistir. Ardindan havzanin 7 sinif
seklinde arazi Ortiisii verisi iiretilmistir. Bu ¢alismalar i¢in arsiv ve arazi ¢aligmalar1 yaninda,
uydu goriintiilerinden ve farkli donemlere ait hava fotograflari ile orman amenajman
paftalarindan yararlanilmistir. Havzanin yol agi haritas1 hazirlanirken OpenStreetMap esas
alinmis, ancak buradaki eksiklikler ortofotolardan tamamlanmistir. Envanterin hazirlanmasi
stirecinde Cografi Bilgi Sistemi yazilimlarindan yararlanilmistir. Yapilan analizlere gore;
havzada tarim alanlar1 %15,13’liik bir alan kaplamasina karsin, heyelanlarin %43,48°1 bu arazi
ortiisii lizerinde gergeklesmistir. Ayrica, havzada heyelanlarin %56,07’si yollara 100 m’den
daha yakin alanlarda gerceklesmistir. Heyelanlarin Onlenmesi ve zararlarinin en aza
indirilebilmesi i¢in, bu ¢alismanin sonuglar1 dikkate alinarak havza bazli bir yonetim plani
hazirlanmali ve titiz bir sekilde uygulanmalidir.

Anahtar Kelimeler: Heyelan, Arazi Ortiisii, Arazi Kullanim, Iyidere, Rize

1. GIRIS

Kayac, moloz ve toprak malzemenin veya bunlarin karisiminin yer ¢ekiminin etkisiyle asagi
ve disar1 dogru hareketine heyelan denir (Varnes, 1958). Heyelanlar, yer sisteminin isleyisi
acisindan deprem, ¢1g ve sel gibi siradan doga olaylarindan biridir. Ancak, bazen insan ve
eserlerini olumsuz etkileyerek can ve mal kayiplarina sebep olmakta ve dogal afete
doniisebilmektedir. Ornegin 2004-2016 yillar1 arasinda Diinyada 4.862 6liimlii heyelan olmus
ve bunlarda 55.997 kisi hayatin1 kaybetmistir (Froude & Petley, 2018). Benzer sekilde
heyelanlar Tiirkiye’de de etkili olmakta ve zararlar itibariyle depremlerden sonra ikinci sirada
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yer almaktadir (Gokge vd., 2008). Yapilan istatistiklere gore, 1950-2018 yillar1 arasinda
Tiirkiye’de 23.041 heyelan meydana gelmis ve bunlarin ¢ok biiylik bir kismi1 Dogu Karadeniz
Boliimii'niin Rize ve Trabzon illerinde gerg¢eklesmistir (AFAD, 2018). Bu durumun temel
sebebi ise yorenin dogal ortam 6zelliklerinin heyelan iiretmeye uygun olmasidir. Ayrica, artan
beseri baskilar ve arazi kullanimindaki olumsuz degismeler de yorede heyelan olusumunu
desteklemekte ve dogal afete doniismelerine sebep olabilmektedir (Uzun & Uzun, 2003).

Arazi kullanmimy/ ortiisii (AKO), dogal ortam ve insan faaliyetlerinin karsilikl1 etkilesimi
sonucu gelismis mekansal durumu ifade eder (Ersayin, 2016). Niifus artisina paralel olarak
artan beseri baskilarla AKO degismekte ve bu degisime arazinin yanlis kullanimi eslik ettigi
durumlarda afetler daha sik duyulan bir olgu haline gelmektedir (Reichenbach vd., 2014).
Heyelan olaylar1 ile AKO arasindaki iliski bircok c¢alismada incelenmistir (Altun vd., 2016;
Devkota vd., 2013; Ercanoglu & Gokceoglu, 2004; Gok¢eoglu & Ercanoglu, 2001; Goémez &
Kavzoglu, 2005; Gorcelioglu, 1991; Gray, 1994; Gray & Leiser, 1982; Mohammady vd., 2012;
Pisano vd., 2017; Uzun & Uzun, 2003; Wu, 1984; Zhang vd., 2016). Bu ¢alismalarda, AKO ile
heyelanlar arasinda genel geger ortak bir kabuliin olusmadig1 goriilmektedir. Detaylandirmak
gerekirse; tarim alani, yerlesme, farkli bitki ortiisii gibi siniflar ile heyelanlar arasinda sabit bir
iligki yargisina rastlanmamistir. Calismalarin yapildigi alanlarin dogal ortam 6zelliklerine (bitki
ortiisii, toprak dzellikleri, morfolojisi) bagli olarak alana 6zgii sonuglara ulagilmistir.

Dogu Karadeniz Boliimii'nde AKO ile heyelanlar arasindaki iliskinin irdelendigi
calismalarda; yol agmin genisletilmesi ve dogal bitki Ortiisiiniin teraslanarak g¢ay bahgelerine
doniistiiriilmesi ile heyelanlarin arttigi belirtilmistir (Karsli vd., 2009; Uzun & Uzun, 2003). Bu
calisma ile Tirkiye’de en fazla heyelan olayinin kaydedildigi Trabzon ve Rize illerinin sinir
sahasinda bulunan ve konumu itibariyle Dogu Karadeniz Bolimii'nii oldukg¢a iyi temsil
edebilecegi diisiiniilen Iyidere Havzasi’nda heyelanlar ile AKO arasindaki iliskinin niceliksel
olarak ortaya koyulmasi amaglanmistir. Bu amagla Cografi Bilgi Sistemleri ve Uzaktan
Algilama teknolojileri kullanilarak heyelanlar ile AKO arasindaki iliski irdelenmistir. Yapilan
analizler sonucunda heyelanlarin %43,84’linlin havzanin %15,13’iinii kaplayan tarim
alanlarinda olusmus oldugu anlagilmstir.

Iyidere Havzasi, Karadeniz Bolgesi’nin Dogu Karadeniz Béliimii’nde Soganli Daglari’nin
kuzey aklanin yer almaktadir (Sekil 1). Idari olarak havzanin biiyiik béliimii Rize Ili sinirlari
icerisinde kalmaktadir. Havzanin kuzeybatisindaki kiiciik bir alan ise Trabzon ili sinirlari
icerisinde yer almaktadir. Calisma alanini batidan Semerdag Deresi Havzasi, dogudan Taglidere
Havzasi, giineyden ise Coruh Havzasi su boliimii ¢izgileri sinirlandirmistir. Toplam yiizol¢timii
1055 km? olan havza, lyidere ve kollar1 tarafindan derin bir sekilde yarilmis ve engebeli bir
topografya ortaya ¢ikmistir. Havzada ana kaya genellikle volkanitlerden olugmakta ve {izeri
cogunlukla kalin bir enkaz ve toprak ortiisii ile kapli bulunmaktadir. Tiirkiye’nin en fazla yagis
alan boliimiinde yer alan havza, Paleo-boreal orman sahasinin Kolsik alt bolgesinin icerisinde
yer almaktadir.
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2. MATERYAL VE METHOD

Heyelan envanteri, ¢aligmanin amacina gore heyelan tipi, zamani, alan1 gibi farkli bilgilerin
kayit edildigi veri setine denilmektedir (Fell vd., 2008). Heyelan envanter verisinin
olusturulmasi, ge¢cmis heyelan olaylarinin haritalanmasidir. Bu haritalama teknigi 6 sinifa
ayrilmaktadir (Reichenbach vd., 2018). Bunlar; hava fotograflarinin gorsel yorumlanmasi,
optik uydu goriintiilerinin yorumlanmasi, arazi haritalama, yiiksek ¢ozlniirliikli dijital
yiikseklik modellerinin yorumlanmasi, uzaktan algilama ile otomatik ya da yari-otomatik
haritalama ve arsiv arastirmasidir. Calisma kapsaminda lyidere Havzasi’na ait heyelan
envanteri liretmek amaciyla Harita Genel Miidiirliigii’'nden temin edilen 1959, 1960, 1969,
1970, 1972, 1973, 1974, 1982, 1984, 2004, 2015 ve 2019 yillarina ait farkli dl¢ekte ve farkl
alanlar1 kapsayan stereoskopik hava fotograflarindan iiretilen ortofoto goriintiileri ve agik
kaynakli uydu goriintiileri (Google Earth, ArcGIS Earth, HGM Kiire) kullanilmistir. Arsiv
kayitlar1 olarak, Afet ve Acil Durum YOnetimi Bagkanligi’ndan alinan heyelanlara dair
mekansal verilerden yararlanilmistir. 2020 Eyliil ve 2021 Haziran-Temmuz aylari igerisinde
yapilan arazi ¢aligmalari ile haritalama ve fotograflama caligmalar1 yapilmistir. Ayrica,
heyelanlarin ta¢ kismu iist siniri, etegi alt sinir1, yan aynalar ise kenar sinirlarini olusturacak
sekilde sayisallagtirma islemi ArcMap 10.5 yazilimi ile yapilmis ve heyelan envanter veri seti
tretilmigtir.

AKO verisi olarak T.C Tarim ve Orman Bakanlig1 biinyesinde iiretilen amenajman
planlarinda bulunan mescere haritalar1 kullanilmistir. Tlgili kurumdan temin edilen mescere
haritalarmin dznitelik verisi dikkate alinarak yeniden smiflandirma yapilmis ve AKO haritasi
tiretilmistir. Belirlenen AKO siniflari; genis yaprakli ormanlar, karisik ormanlar, igne yaprakl
ormanlar, ¢ayirlar, ¢iplak kayalik alanlar, tarim alanlari, yerlesme alanlar1 ve su yiizeyleridir.
Heyelan agisindan AKO smiflarin birbirleri ile kiyaslayabilmek igin yogunluk hesaplanmustir.

Arazinin kiitle hareketlerine kars1 duyarliligini artiran 6nemli beseri etkilerden biri de yol
agilmasidir. lyidere Havzasi’na ait yol verisi OpenStreetMap veri tabanindan temin edilmistir.
Temin edilen bu verideki eksik yollar da ortofoto goriintiilerinden tamamlanmustir. Yollar ile
heyelanlar arasindaki mekansal iligkiyi anlamak amaciyla 25 m, 50 m, 75 m, 100 m ve >100 m
olmak iizere tampon bélgeler olusturulmustur. Bu tampon bdlgelerin olusturulmasinda ve
alansal degerlendirmelerin yapilmasinda da ArcMap 10.5 yazilim1 kullanilmigtir.

3. BULGULGAR

Heyelan envanteri iiretimi asamasinda cesitli kaynaklardan yararlanilarak Iyidere Havzasi
sinirlart igerisinde 588 heyelan tespit edilmis ve haritalanmistir (Gorsel 2). Havza igerisinde
heyelanlarin dagilisina bakildiginda; genel itibariyle heyelanlarin havzanin asagi ¢igirinda
yogunlastig1 goriilmektedir. Tespit edilen heyelanlardan en biiyiik olan1 34.090 m?, en kiigiik
olan1 ise 25,47 m?’dir. 588 heyelanin ortalama alam 1.546 m?’dir.

Iyidere Havzasi’nda ormanmin iist smr1 yaklasik 2100 m’lerden gegmektedir. Deniz
seviyesinden yaklasik 1200 m’lere kadar genis yaprakli ormanlarin (Kizilagag, kestane, giirgen,
kayin, thlamur vs.) yayilis alanidir. Daha yiiksek seviyelerde karigik ormanlar ve sonrasinda
igne yaprakli ormanlar (Goknar, ladin, saricam) yayilis gosterir. Genel durum bu sekilde iken,
Dogu Karadeniz kiy1 kusaginda 1950’lerden sonra ¢ay tarimina gegilmesi ile arazi Ortiisii ciddi
sekilde degismeye baslamistir (Uzun & Uzun, 2003). Yaklasik 1000 m yiikseltilere kadar
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genellikle yamaclar teraslanarak cay bahgelerine doniistiiriilmiistiir. Bu durum iiretilen AKO
haritasinda da kendisini gdstermektedir (Gorsel 2). Yapilan olgiimlere gore, Iyidere
Havzasr’nin %15,13%i tarim alanlarma (15.862,01 ha) doniistiiriilmiistir. Diger AKO
simiflarinin alansal bilgiler Cizelge 1°de verilmistir.
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Gorsel 2. Iyidere Havzasi’nin arazi ortiisii ve heyelan lokasyonlar: haritast.
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Cizelge 1. Arazi ortiisii simiflar1 ve bu simiflardaki heyelanlarin alansal oransal dagilisi
Alan (ha) | Alan (%) Heyelan  Heyelanh = Heyelanhh | Yogunluk*
Sayis1 | alan (ha) | alan (%)

Tarimm alanlari 15.862,01 15,13 351 39,49 43,48 2,48
Yerlesme alanlar 1.558,05 1,49 8 1,89 2,08 1,21
Genis yaprakh 13.576,17 12,95 90 18,87 20,78 1,39
ormanlar
Karisik ormanlar 11.164,34 10,65 45 9,79 10,78 0,87
igne yaprakh ormanlar | 12.197,72 11,64 69 15,08 16,60 0,12
Ciplak kayalar 93,29 0,09 0 0 0 0
Cayirlar 50.359,87 48,05 25 5,70 6,28 0,11

*Yogunluk su formiille hesaplanmugtir: (Heyelanl alan/Arazi Ortiisii Alan1) x 1000

Tarim alanlarin giderek daha genis alanlara yayilmasi havza igerisindeki yol aglarinin da
genislemesine neden olmustur. Iyidere Havzasi’nda &zellikle tarim alanlarinin yayilis
gosterdigi asag1 kesimlerde yol aginin oldukga gelismis oldugu goriilmektedir (Gorsel 5).
Havza icerisindeki yollarm toplam uzunlugu 2097 km’dir. Havzanin tamaminda 2 km/km? olan
yol yogunlugu, havzanin asag1 kesimde yaklasik 6 km/km? olarak hesaplanmustir. Yollarmn
cevresinde olusturulan tampon bolgelerin kapladiklari alanlarin yiiz 6l¢timleri ve toplam havza
alanina oranlar1 ¢izelge 2’de verilmistir.

Cizelge 2. Yol tampon bolgeleri ve bu alanlardaki heyelanlarin alansal ve oransal dagilis1
Tampon Alan (ha) | Alan (%) Heyelan Heyelanh Heyelanhi | Yogunluk*

Bolge Sayisi alan (ha) alan (%)
0-25m 9628,00 9,15 146 17,77 19,57 1,84
25-50m 7741,56 7,36 140 15,18 16,71 1,96
50-75m 6037,33 5,74 77 10,57 11,63 1,75
75-100 m 4750,81 451 35 7.41 8,16 1,56
>100 m 77081,66 73,24 190 39,90 43,93 0,51

*Yogunluk su formiille hesaplanmistir: (Heyelanli alan/Tampon Bélge Alani) x 1000

Calismanin ana amacini olusturan arazi Ortiisii ile heyelanlar arasindaki niceliksel iliskiye
bakildiginda en yiiksek heyelan yogunluguna sahip arazi ortiisli sinifinin tarim alanlar1 oldugu
goriilmektedir (Cizelge 1). Iyidere Havzasi’nin %15,13’ii tarim arazi olmasina ragmen havza
icerisindeki heyelanli alanlarin %43,48°1 bu arazi Ortiisii izerinde bulunmaktadir (Gorsel 3).
Heyelan sayilar1 tlizerinden degerlendirme yapildiginda da tarim alanlarinin 6ne ¢iktigi
goriilmektedir. Iyidere Havzasi’nin tamaminda kayit edilen 588 heyelandan 351°i tarim alanlari
tizerindedir. Geriye kalan 237 heyelan ise diger 6 arazi ortiisii siniflari tizerinde kayit edilmistir.
Arazi oOrtiisii sinifinin alani ile o arazi Ortiisti tizerindeki heyelanlarin toplam alaninda hareketle
elde edilen yogunluk degerine bakildiginda da tarim alanlarinin en yiiksek yogunluga sahip
oldugu goriilmektedir. Genis, karisitk ve igne yaprakli orman arazi Ortilisii sinifindaki
heyelanlarin toplam alanin, tarim arazisi iizerindeki heyelanlarin toplam alanindan ¢ok oldugu
hesap edilmistir; ancak Iyidere Havzasi’ndaki orman arazisi 36.938,23 ha iken tarim arazisi
15.862,01 ha’dir. Bu nedenle heyelan alan1 orman arazi ortiisiinde ¢gok olmakla birlikte heyelan
yogunlugu tarim arazilerine kiyasla diisiiktiir. Orman arazi igerisinde ger¢eklesen heyelanlarin
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yaklagik %30’unun yollara 100 m’den daha yakin oldugu da hesaplanmistir. Bu durum
ormanlik alanlardaki yamag¢ duyarliligin bozulmasinda da beseri faaliyetlerin etkili oldugunu
gostermektedir.

Gorsel 3. Cay bahcelerinde gerceklesmis heyelan ornekleri.

Iyidere Havzasi'nda belirlenen heyelan alanlarmin %56,07’si yollara 100 m’den daha
yakindir (Cizelge 2). Envantere kayit edilen 588 heyelanin 398’1 bir yola 100 m’den daha az
mesafededir. Geriye kalan 190 heyelan ise bir yola 100 m’den daha uzakta gerceklesmistir.
25’er metrelik mesafelerle olusturulan tampon bolgelerdeki heyelan sayilarina bakildiginda
yoldan uzaklastikga heyelan sayilarinin azaldigi goriilmektedir (Cizelge 2). Yolun etkisini
kiyaslayabilmek amaciyla heyelan yogunlugu da hesaplanmistir. Yollara 100 m’den daha uzak
alanlara kiyasla 100 m’den daha yakin alanlarin 3 kat daha fazla heyelan yogunluguna sahip
oldugu tespit edilmistir. Bu durumda heyelanlarin olusumu ve dagilis1 {izerinde yollarin da
etkili oldugunu sdylemek miimkiindiir. Nitekim yapilan arazi ¢alismalarinda da yollarin
cevresinde gergeklesmis birgok heyelan gozlenmistir (Gorsel 4). Yollar hem sev stabilitesini
bozarak yama¢ duyarhiligini artirmakta, hem de yollardan gegcen araglarin olusturdugu
titresimler nedeniyle kritik denge durumundaki kiitlelerin hareket etmesine yol agmaktadir
(Eker & Aydin, 2014).
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Gorsel 4. Tyidere Havzasi yollara mesafe ve heyelan lokasyonlar: haritas.

4. GENEL DEGERLENDIRME VE SONUCLAR

Heyelanlar yeryiiziinii sekillendiren énemli ve yaygm dogal olaylardan biridir. Insan ve
faaliyetlerini etkilemeleri ve zaman zaman da can ve mal kayiplarina sebep olmalari nedeniyle
dogal afet olarak degerlendirilirler. Heyelanlarin olusumunu kontrol eden temel kuvvet yer
cekimidir. Ancak hazirlayict ve tetikleyici birgok ¢evresel parametre de heyelan olusumunu
etkiler. Bu baglamda, O6zellikle sahanin toprak ve bitki ortiisli, jeolojik, jeomorfolojik,
klimatolojik ve hidrografik 6zellikleri heyelan olusumunu yakindan etkilemektedir. Ayrica,
insan ve faaliyetleri de heyelan olusumunu etkileyebilmektedir. Ornegin arazi ortiisiiniin
degistirilmesi, yol yarmalar1 ve hafriyat ¢alismalar1 bu etkiler arasinda 6ncelikle sayilabilir.
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Bu calismada lyidere Havzasi’nda heyelanlar ile AKO arasindaki iliski incelenmistir.
Havzada yamaglar teraslanarak ¢ay bahgesine doniistiiriilmiis ve yiizey egim degeri azalan ¢ay
bahgelerinde yagmur sularinin zemine sizmasi kolaylasmistir. Ayrica, arazi yiizeyini bir ortii
seklinde kaplayan cay bitkileri yagmur damlalarinin dogrudan topraga ¢carpmasini engellemekte
ve sularin yavas¢a zemine sizmasini desteklemektedir. Bu durum zeminin bag kuvvetinin
zayiflamasina ve heyelan igin hazir hale gelmesine yol agmaktadir (Karsli vd., 2009; Uzun &
Uzun, 2003). Yapilan analizlere gore, biiyiik kismiyla ¢ay bahgelerinden olusan tarim alanlari
arazi Ortlislinlin havzanin asag1 ¢igirinda yogunlastigi ve toplam alanin %15,13’linii kapladigi
anlagilmistir. Buna karsilik, yukaridaki 6zellikleri nedeniyle heyelanlarin %43,48°1 bu arazi
smifi lizerinde gergeklesmistir.

Havzanin %35,24’ii ormanlarla kaplidir. Agaglar kokleri vasitasiyla ylizeydeki sularin
derine sizmasini kolaylastirarak heyelana hazirlayic1 etki yapmaktadir. Ayrica siddetli
riizgarlarin etkisini bedenleri vasitasiyla zemine tasimakta ve heyelani tetikleyici etki
yapabilmektedir (Gokgeoglu & Ercanoglu, 2001; Gorcelioglu, 1991; Gray, 1994; Gray &
Leiser, 1982; Uzun & Uzun, 2003; Wu, 1984). Nitekim, Iyidere Havzasi’nda tespit edilen
heyelan alanlariin %48,16’s1 ormanlik alanlarda gerceklesmistir. Ormanlik alanlarda tespit
edilen bu heyelanlarin yaklasik %30’u ise, yollara 100 m’den daha yakindir. Bu durum da
ormanlik alanlarda agilan yollarin heyelan olusumunu artirdigini géstermektedir.

Yamaglarin yanal destekten yoksun birakilmasi heyelan olusma potansiyelini artirmaktadir
(Gorcelioglu, 1991). Yollar, yanal destegi ortadan kaldiran en Onemli beseri faaliyettir.
Ozellikle egimin yiiksek oldugu yamagclarda acilan yollar ile topografyanin degistirilmesi
sonucu yolun iist kismindaki yamaclarda gerilme, catlama olmakta ve ara¢ gegisleri ile olusan
titresimlerin tetikleyici kuvveti olusturmasiyla da heyelanlar ger¢ceklesmektedir (Devkota vd.,
2013; Eker & Aydin, 2014; Kavzoglu vd., 2014; Sessions vd., 1987; Yalcin, 2008). Iyidere
Havzasi’ndaki heyelanlarin %56,07sinin yollara 100 m’den daha yakin olmasi, havza 6zelinde
yollarin heyelan olusturma potansiyelini artirdigin1 gostermektedir.

Sonug olarak, Iyidere Havzasi’nda arazi kullanimmin ve yol agmin heyelan olusumu
tizerinde etkili oldugu soylenebilir. Havza 6zelinde yeni tarim alanlarinin ve yollarin agilmasi
gibi arazi planlamasi yapilirken heyelana duyarlhi alanlarin goéz Oniinde bulundurulmasi
gerekmektedir. Bu durum Iyidere Havzasi’na ait heyelan duyarlilik haritasinin gerekliligini de
ortaya koymaktadir.
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CIiFT YUZLU FOTOVOLTAIK PANELLERIN KIRIKKALE CEVRE
SARTLARINDA ENERJi VERIMLILIGININ INCELENMESI
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OZET

Ulkemizde ve diinyada fosil yakitlarmin smirli olmasi sebebiyle yenilenebilir enerji
kaynaklarma olan ilgi artmaktadir. Bu nedenle yenilenebilir enerji kaynaklari {izerine yapilan
bilimsel ¢alismalar her gegen giin daha da artmaktadir. Ulkemiz agisindan yenilenebilir enerji
kaynagi olarak, elektrik enerjisi saglayan giines panelleri 6ne ¢ikmaktadir. Gilines panellerinin
1s518a maruz kalarak elektrik akimini fiziksel ve kimyasal olarak aciga cikartan olay ise
fotovoltaik etkidir. Ozellikle ¢ift yiizlii fotovoltaik panel hiicreleri iizerine yapilan arastirmalar
hiz kazanmistir. Cift yiizlii giines panelleri ise siradan fotovoltaiklerin aksine arka
yiizeylerinden de enerji iiretebildigi igin daha sik kullanilmaktadir. Bu ¢alismada; Kirikkale ili
meteorolojik cevre sartlar1 dikkate alinarak, dis sicakligin cift yiizlii fotovoltaik panellerin
enerji iiretim verimleri lizerine etkisi teorik olarak incelenmistir. Arastirmada kullanilan veriler,
Kirikkale ili Yahsihan ilgesine ait olup 2020 y1l1 Ocak ve Temmuz aylarin1 kapsamaktadir. Bu
veriler Orman ve Su Isleri Bakanligi Meteoroloji Genel Miidiirliigii Kirikkale-Ili 19216
numarali istasyondan alinmistir. Yapilan bu ¢alisma, Kirikkale ilinin giines enerjisi potansiyeli
hakkinda bilgi vermesinin yanmi sira, I¢ Anadolu Boélgesi basta olmak iizere bu bdlgede
kurulacak olan giines enerjisi tesisleri i¢in 6nemli bir referans olacaktir.

Anahtar Kelimeler: Yenilenebilir Enerji, Cift Yiizlii Giines Paneli, Sicaklik Etkisi, Cift Yiizli
Fotovoltaik Panelin VVerimi

1. GIRIS

Enerji, ¢agimizda en 6nemli tiikketim maddelerinden biri ve vazgecilmez bir uygarlik aracidir.
Gelismislik diizeyi yiiksek iilkelerin en onemli ihtiyaglarimin basinda gelen enerji tiiketimi
stirekli artmakta ve bu artig gelecekte de devam edecektir. Bugiin sahip oldugumuz teknolojik
gelismelerin devam etmesi ve sundugu imkanlarin yagsamimizda siirmesi i¢in dogrudan veya
dolayli olarak enerji tiiketmek zorundayiz. Tiiketmek zorunda oldugumuz enerjinin bugiin
biliylik bir ¢ogunlugu fosil yakitlardan, geri kalani ise niikleer ve yenilenebilir enerji
kaynaklarindan karsilanmaktadir [1]. Diinyanin enerji gereksinimini gidermek i¢in fosil
yakitlara olan bagimlilii, yliksek CO: emisyonlarini, hava kirliligini ve sera gazlarini da
meydana getirmektedir [2]. Birgok gelismis ve gelismekte olan iilke bu olumsuz etkileri belirli
sinirlarda tutmak i¢in cesitli onlemler alarak yenilenebilir enerji kaynaklarina yonelmekte ve
verimliligi artirarak (iklimsel ve fosil enerji kaynakli problemleri) en aza indirgemeye
calismaktadirlar [3].
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Uluslararasi Enerji Ajansi (IEA) verilerine gére 2014 yilindan baslayarak diinyada yenilenebilir
enerji toplam enerji tiiketimi igerisindeki pay1 (hidroelektrik dahil) yaklasik ytizde 20 olarak
hesaplanirken bu oranin 2016 yilinda ytizde 22 ve 2020 yilinda ise en az yiizde 26 olmasini goz
onilinde tutmaktadir. Diger bir ifadeyle 2020 yilina gelindiginde diinyada tiiketilen enerjinin
dortte birinin (1/4) yenilenebilir enerji kaynaklarindan karsilanacagini 6n gérmektedir [4]. Bu
sebeple basta Amerika Birlesik Devletleri (ABD), Cin, Japonya ve Hindistan gibi yenilenemez
enerji kaynaklarindan yoksun olan ve gereksinim duydugu enerjiyi dis alim yaparak
karsilamaya calisan iilkenin yenilenebilir enerjiye onemli yatirimlar gerceklestirdikleri
goriilmektedir.
Tiirkiye diinya tlizerindeki konumu 36°-42° kuzey enlemleri ve 26°-45° dogu boylamlari
arasinda yer almaktadir. Bu enlemler ve boylamlara sahip olan Tiirkiye ekvatora yakinligi
nedeniyle giines 1sinlar1 dike yakin ve giineslenme siiresi daha fazladir.
Tiirkiye, 110 giin gibi siire bakimindan da yiiksek bir giines enerjisi potansiyeline sahiptir ve
gerekli yatirimlarin yapilmasi halinde iilkemiz, yilda birim metre karesinden ortalama olarak
1,100 kWh’lik giines enerjisinden elektrik enerjisi iiretilebilir durumdadir [5].
Bu ¢alismamizda Kirikkale ilimizin giines enerji potansiyeli hakkinda bilgi edinmemiz, I¢
Anadolu Bolgesi basta olmak iizere bu bolgede kurulacak olan giines enerjisi tesisleri i¢in
onemli bir kaynak olacaktir.

2. METARYAL VE YONTEM

Foton, malzemelerin ylizeyine c¢arptiginda enerjisini ¢ogunlukla 1siya doniistiirerek
yansitilabilir, iletilebilir veya absorbe edilebilir. Bununla birlikte, bazi malzemeler, gelen
fotonlarin enerjisini elektrik enerjisine ¢evirme 6zelligine sahiptir [6]. Fotonlar enerjilerini
momentum ve enerji prensiplerinin korunmasma dayanan elektronlara verirler. Ozgiir
elektronlar kristalin lizerinde hareket edebilirler. Buna fotovoltaik etki denir [7].

Cift yiizlii fotovoltaik panel hiicreleri iizerine yapilan arastirmalar, fotovoltaik endiistrisinin
baslangicina kadar uzanmaktadir. Japon arastirmact H. Mori, 1960 yilinda iki yiizli bir giines
paneli olan silikon bir levhanin her ylizeyinde p-n bilesimi eklemi ile iki yiizeyli bir giines
paneli 6nerdi ve 1966 yilinda basarili bir sekilde ¢alisan bir protatif gelistirdi [8].

Giines panellerinin verimliligini artirmak i¢in her gecen giin gelisen teknoloji yardimiyla birim
alandan elde edilen enerji miktarint arttirmak i¢in farkli bir uygulama olan ¢ift yiizlii giines
panellerinin yapist gelistirilmeye devam etmektedir. Bununla birlikte; cift yiizlii fotovoltaik
panellerin iklim sartlari, cografi konum ve cevre kosullarinin ¢ift yiizlii panellerin enerji
verimliligini yani giines radyasyonundan gelen enerjinin elektrik enerjisine doniismesi oranini
etkileyen bir¢ok ¢alisma yapilmistir. [9-15].

Alisa gelmis giines panelleri ekseriyetle on yiizeyde saydam malzeme arka yilizeyde ise 15181
gecirmeyen malzeme ile tasarlanmiglardir. Buradaki temel fark, tek yiizli giines pilinin arka
yiizeyi Gorsel 1'de gosterildigi gibi, aliiminyum arka kontagin panelin arka kismin1 tamamen
kaplamasidir.
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Cift Yiizli ( Bifacial) Fotovoltaik Panel Tek Yiizlii ( Monofacial ) Fotovoltaik Panel
Bifacial Giineg Monofacial Giines
Hiicresi Hiicresi
’ 7,
7 4 7
7
7 Seffaf Arka Opak Arka

Tabaka Tabaka

Yansiyan 151k panelin
arka yiizeyi tarafindan Yansiyan 151k panelin
sogurularak elektrik arka yiizeyinden
enerjisine doniistiiriiliir. yansir,

Gorsel 1. Cift Yiizlii (Bifacial) ve Tek Yiizlii (Monofacial) Panel [16].

2.1. Cift Yiizlii Fotovoltaik Paneller i¢cin Albedo

Yeryiiziine giinesten ¢izilen bir dogru boyunca dogrultu degistirmeden gelen radyasyona
dogrudan radyasyon ismi verilir. Bir yiizey iizerine gelen giines radyasyonunun bir bolimii
yiizey tarafindan sogurularak elde edilirken, bir boliimii yansir ve bir boliimii de geger. Gelen
radyasyonun kaynagi glines oldugu zaman yeryiiziinden yansiyan radyasyona Albedo adi verilir
ve p ile gosterilir. p belirli bir yiizey lizerinden yansiyan radyasyonun, yiizey iizerine diisen
toplam radyasyona orani olarak tanimlanir [17].

reflected radiation

Albedeo =

Forward svent radiation (1)

2.2. Cahisma Sicakhi@1 Fonksiyonu Olarak Cift Yiizlii Panelin Verimliligi
Cift yiizlii fotovoltaik giines panelinin giic doniisiim verimliligi asagidaki gibi verilebilir:

Pyy

”pv =

N IsoiarxAdpy (2)

Bu bagintida Ppy ¢ift yiizlii fotovoltaik panelden elde edilen gii¢, Isolar panel tarafindan alinan
giines radyasyonu ve Apy bifacial panelin alanidir.

Calisma asamasinda kullanilan panelin alam1 Apy=6,25 mm? ve panel tarafindan alinan
radyasyon lsola=800 W/m? dir. Bir ¢ift yiizlii modiiliiniin elektriksel verimliligi tizerindeki gii¢
tesiri, temelin kullanilmasiyla saglanabilir.

Ppy=Mpy-Apy-1 (3
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Cift yiizlii panelin giicii (Ppv) 6n yiizey ve arka yiizeyin gii¢leri toplamidir. On yiizeyin giicii
Ptront= 404 (W/m?) ve arka yiizeyin giicli Prear = 376 (W/m?) degerlerine karsilik gelmektedir.

PPV = Pf:l‘mzr + 'F:l'sm' (4)

Panelin 6n ve arka ylizey verimi, panelin 6n ve arka ylizey giicli cinsinden asagidaki denklemler
ile ifade edilir.

__ Pga—Pg

Tr = cile-1) (5)
— Pp.x—Fg

R = Late®-1) (6)

Bunlar denklem (3)’de yazilip islemler yapilinca ¢ift ylizlii panelin verimi;
NMpy =Np T a.fg T g t a9 (7)

denklemi ile verilir. Burada o, zeminin albedo degeridir ve ¢iplak toprak i¢in bu deger 0.17 dir.

Hiicre nominal calisma sicakligi (NOCT); 1sinim siddeti 800 W/m? ¢ift yiizlii modiiliiniin
elektriksel verimliligi tizerindeki sicaklik etkisini, temelin kullanilmastyla elde edilir.

adrront+ algear
=T mb +

Im = Ta v ©)

™

Bu denklemde, cift yiizlii panelin sicakligint Tm, ortam sicakli§i Tamb, On ve arka 1s1mnim
degerleri sirastyla Ifont =760 (W/m?), Irear = 700 (W/m?) ve sicaklik katsayist U=0,0045K
degerlerine karsilik gelmektedir.

1

o-Tr ef (9)

=

Esitlik 9°da To, ¢ift yiizlli fotovoltaik modiiliin elektrik verimliliginin sifira diistiigl (yiiksek)
sicakliktir. Cift ylizli paneller i¢in bu sicaklik 270 °C' dir. Nominal hiicre sicakligi olarak
tanimlanan sicaklik (NOCT), acik devre altinda 6lgiildiigiinde ortam sicakligi 20 °C 1s1nim 0.8
KW/m? ve riizgar hizi 1 m/s'dir. TNOCT degerleri genellikle yaklasik 45 °C. Hava sicakli1 Tsky
temel olarak asagidaki gibi ifade edilir.

Ty = 00552.T,, (10)

Bu calismada inceledigimiz ilgili parametrelerden birisi de aydinlatildiginda ve bagimsiz olarak
o6l¢iildiigiinde 6n ve arka verimlerin orani olarak tanimlanan Bifaciality faktordiir.
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Bifaciality factor{%} = [m]xll]l]

M front

3. SONUCLAR VE DEGERLENDIRME

Bu ¢alismada Kirikkale Ili i¢in 2020 yil1 ocak ve temmuz aylar1 ¢evresel sicakligin ¢ift yiizlii
fotovoltaik panellerin enerji verimliligi tizerindeki etkisi incelenmistir. Elde edilen sonuglar
asagida Cizelge 1. ve Cizelge 2.’de verilmistir. Bu sonuglar elde edilirken kullanilan veriler
Tarim ve Orman Isleri Bakanlig1 Kirikkale Ili Meteoroloji Miidiirliigii 2020 yilina ait 19216
nolu istasyonundan alinmustir.

Hesaplamalar, PERC+ FV Modiil GGIH 72 model ve asagidaki teknik O6zelliklere sahip
Fotovoltaik Panel fabrika degerleri kullanilarak yapilmistir.

Cizelge 1. Ocak 2020 Tarihli Sicakhik Degerlerine Gore Enerji Verim Degisimi (Giinliik)

Global
Giin Sicaklik | Giines | Global Islm_a Bif. Yiizde
Ort. | Siiresi | Isima Saatlik nE i ey T Fp T s T, Tworr | factor Kayip/
(°C) | (Saat) | (kwh/m?) | Ortalama Kazanc
(kwh/m?)
1 4.6 0,00 1,300 Hava Kapali — Giineslenme Siiresi 0 (sifir) Olgiildiigii igin Hesaplamaya dahil edilmemistir.
2 2,8 1,80 1,800 1,0000 | 56.026 | 50.629 | 124.785 | 128.000 | 13,7000 | 68,80 | 45,00 | 90,37 | 9,63
3 25 3,30 1,500 04545 | 123217 | 111.347 | 274.438 | 281.690 |12,7000| 67,90 | 4500 | 90,37 | 9,63
4 2,7 2,10 1,500 0,7142 78.540 | 70.974 | 174930 | 179.372 | 13,4000 | 68.600 | 45,00 | 90,37 | 9,63
5 17 2,00 1,900 0,9500 58.939 | 53.261 | 131.273 | 134.680 | 9,200 | 65,00 | 4500 | 90,37 | 9.63
6 0,7 410 | 0,200 0,0487 | 1.133.600 | 1.059.724 | 2.569.189 | 2.666.666 | 19,500 | 60,60 | 4500 | 9348 | 6,52
7 2,8 0,00 | 0,700
8 44 0,00 0,300 Hava Kapali — Giineslenme Siiresi 0 (sifir) Olgiildiigii igin Hesaplamaya dahil edilmemistir.
9 2,0 0,00 1,000
10 0,9 1,00 | 3,000 3,0000 18675 | 16.876 | 41.593 | 42.666 | 6,4000 | 61,60 | 4500 | 90,37 | 9,63
11 0,7 7,20 3,000 0,4167 | 134.418 | 121.470 | 299.388 | 307.692 | 54000 | 60,60 | 4500 | 9037 | 9,63
12 24 7,20 1,400 0,1944 | 288.203 | 260.440 | 641.911 | 655.737 |12,4000| 67,60 | 4500 | 9037 | 9,63
13 38 1,60 | 2,900 1,8125 30916 | 27.938 | 68.858 | 70.609 |16,7000| 71,90 | 45,00 | 90,37 | 9,63
14 05 7,30 | 3,000 0,4109 | 136578 | 123.421 | 304.198 | 311.284 | 4,3000 | 59,50 | 45,00 | 90,37 | 9,63
15 1,7 7,30 | 2,700 0,3698 | 151.821 | 137.196 | 338.149 | 346.320 | 9,8000 | 65,00 | 45,00 | 90,37 | 9,63
16 16 7,10 2,800 0,3943 | 142292 | 128.585 | 316.925 | 325.203 | 9,4000 | 64,60 | 4500 | 9037 | 9,63
17 2,2 7,10 3,000 0,4225 | 132.843 | 120.046 | 295.879 | 303.030 |11,7000| 66,90 | 4500 | 9037 | 9,63
18 15 7,40 1,400 0,1892 | 295.721 | 267.234 | 658.656 | 677.966 | 9,0000 | 64,20 | 4500 | 9037 | 9,63
19 15 1,10 1,500 1,3636 41.072 37.115 91.478 93.896 | 9,0000 | 64,20 | 45,00 | 90,37 | 9,63
20 0,1 1,60 0,900 0,5625 99.730 90.123 | 222.127 | 227.272 | 1,5000 | 56,70 | 4500 | 90,37 | 9,63
21 1,8 0,10 | 2,600 26 2.154 1.947 4797 4.923 | 10,2000 | 6540 | 4500 | 90,40 | 9,60
22 0,4 580 | 2,000 0,3448 | 162.717 | 147.043 | 362.418 | 370.370 | 3,7000 | 58,90 | 4500 | 90,38 | 9,62
23 0,3 7,20 1,500 0,2083 | 269.904 | 243.904 | 601.154 | 615.384 | 3,1000 | 58,30 | 4500 | 90,38 | 9,62
24 0,4 2,00 | 2,100 1,0500 53.387 | 48.244 | 118.907 | 121.951 | 3,7000 | 58,90 | 45,00 | 90,40 | 9,60
25 0,3 480 | 3,300 0,6875 | 81.553 | 73.697 | 181.642 | 186.046 | 3,1000 | 58,30 | 4500 | 90,38 | 9,62
26 3,0 7,90 | 3,200 0,4050 | 138.243 | 124.926 | 307.907 | 316.205 | 14,3000 | 69,50 | 45,00 | 90,38 | 9,62
27 34 7,90 | 2400 0,3037 | 184.826 | 167.021 | 411.660 | 421.052 | 15,6000 | 70,80 | 45,00 | 90,37 | 9,63
28 42 500 | 0,600 0,1200 | 465.863 | 420.986 | 1.037.612 | 1.066.666 | 18,0000 | 73,20 | 45,00 | 90,40 | 9,60
29 78 0,00 2,500 Hava Kapali — Giineslenme Siiresi 0 (sifir) Olgiildiigii igin Hesaplamaya dahil edilmemistir.
30 | 78 [ 440 | o500 [ 01136 | 111868 | 101.002 | 249.162 | 256.410 | 27,1000 | 82,3000 [ 45,0000 | 91,10 | 8,90
31 31 0,00 2,500 Hava Kapali — Giineslenme Siiresi 0 (sifir) Olgiildiigii igin Hesaplamaya dahil edilmemistir.
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Cizelge 2. Temmuz 2020 Tarihli Sicaklik Degerlerine Gore Enerji Verim Degisimi (Giinliik)
Giin Sicaklik | Giineslenme | Global Glosl:;ltllislzma Bifacialit Yiizde
(T;(r)r;g\)uz Ortz‘olé‘)““s‘ ?é‘;;ts)‘ (kﬁ‘h';‘;z) Ortalama e me | e |[Teewoer | Tamo | Ta [ Tyorr | factor y lléaylp/
(kwh/m?) azang
1 25,70 10,20 7,900 0,7745 72.357 | 65.387 | 161.159 | 165.289 | 60,10 | 115,30 | 45,00 | 90,37 9,63
2 26,30 8,80 7,500 0,8523 65.779 | 59.442 | 146,508 | 150.003 | 61,00 | 116,20 | 45,00 | 90,37 9,63
3 27,30 10,10 8,500 0,8415 65.779 | 59.442 | 146.508 | 152.001 | 62,50 | 117,70 | 45,00 | 90.37 9,63
4 28,20 9,90 8,200 0,8282 67.610 | 61.007 | 150.586 | 154.440 | 64,00 | 119,20 | 45,00 | 90,37 9,63
5 29,00 9,90 8,300 0,8383 66.813 | 60.377 | 148.812 | 152.671 | 65,10 | 120,30 | 45,00 | 90,37 9,63
6 28,50 10,10 8,300 0,8217 68.152 | 61.587 | 151.793 | 155.642 | 64,40 | 119,60 | 45,00 | 90.37 9,63
7 28,20 10,10 7,000 06930 | 80.779 | 72.997 | 179.917 | 184.757 |63,90| 119,10 | 4500 | 9037 9,63
8 27,10 7,90 7,900 1,0000 56.026 | 50.629 | 124.785 | 128.000 | 62,20 | 117,40 | 45,00 | 90,37 9,63
9 24,90 10,10 5,600 05544 | 100.913 | 91.192 | 224.762 | 231.213 | 58,80 | 114,00 | 45,00 | 90,37 9,63
10 23,10 6,40 6,500 1,0156 55.207 | 49.889 | 122.962 | 125.984 | 5590 | 111,10 | 45,00 | 9037 9,63
11 23,90 8,40 8,300 0,9880 56.680 | 51.220 | 126.242 | 129.449 |57,20 | 112,40 | 4500 | 90,37 9,63
12 27,00 10,70 8,300 0,7757 72.203 | 65.248 | 160.817 | 164.948 | 62,00 | 117,20 | 45,00 | 90,37 9,63
13 26,00 9,40 7,600 0,8085 69.262 | 62.590 | 154.266 | 158.415 | 60,50 | 115,70 | 45,00 | 90,40 9,60
14 25,10 9,90 7,700 0,7777 72.050 | 65.110 | 160.476 | 164.609 |59,10 | 114,30 | 45,00 | 90,38 9,62
15 25,80 8,60 7,400 0,8605 65.149 | 58.873 | 145.105 | 148.698 | 60,20 | 115,40 | 45,00 | 90,38 9,62
16 26,60 9,40 7,200 0,7659 73.135 | 66.090 | 162.892 | 167.014 | 61,50 | 116,70 | 45,00 | 90,40 9,60
17 24,90 8,40 7,000 0,8333 67.209 | 60.735 | 149.693 | 153.550 | 58,80 | 114,00 | 45,00 | 90,38 9,62
18 25,50 8,60 8,100 0,9418 59.454 | 53.727 | 132.421 | 135.823 |59,80 | 115,00 | 45,00 | 90,37 9,63
19 29,30 10,50 7,100 0,6762 82.946 | 74.956 | 184.744 | 189.125 | 65,60 | 120,80 | 45,00 | 9037 9,63
20 31,60 10,50 6,000 05714 98.005 | 88.564 | 218.284 | 224.089 | 69,00 | 124,20 | 45,00 | 90.37 9,63
21 25,60 9,70 5,500 0,5670 98.860 | 89.337 | 220.190 | 225.988 | 60,00 | 115,20 | 45,00 | 90,37 9,63
22 24,90 10,50 8,200 0,7809 71.746 | 64.835 | 159.798 | 163.934 |58,80 | 113,00 | 45,00 | 90,40 9,60
23 23,40 10,30 8,200 0,7961 70.409 | 63.627 | 156.821 | 160.642 | 56,40 | 111,60 | 45,00 | 90,38 9,62
24 23,50 10,50 8,300 0,7905 70.850 | 64.025 | 157.803 | 161.943 | 0,00 | 112,40 | 45,00 | 90,38 9,62
25 27,00 10,70 8,200 0,7664 73.135 | 66.000 | 162.889 | 167.014 | 0,00 | 116,70 | 45,00 | 90,40 9,60
24 29,50 10,80 7,200 0,6667 | 83.970 | 75.881 | 187.024 | 191.846 | 0,00 | 120,30 | 45,00 | 90,38 9,62
27 26,70 9,60 7,200 0,7500 74.742 | 67.542 | 166.472 | 170.575 | 0,00 | 119,20 | 45,00 90,38 9,62
28 28,00 10,30 6,900 0,6699 83.557 | 75.508 | 186.105 | 190.930 | 0,00 | 121,00 | 45,00 | 90,37 9,63
29 28,10 10,20 7,900 0,7745 72.357 | 65.387 | 161.159 | 165.289 | 69,70 | 124,90 | 45,00 | 90,40 9,60
30 27,10 10,90 7,800 0,7156 78.359 | 70.811 | 162,503 | 178.970 | 62,20 | 117,40 | 4500 | 90,37 9,63
31 27,20 11,00 8,000 0,7272 77.115 | 69.687 | 171.757 | 176.211 | 62,40 | 117,60 | 45,00 | 90,40 9,60

4. GENEL DEGERLENDIRME VE SONUCLAR

2020 yil1 ocak ve temmuz aylarinda Kirikkale ili i¢erisinde ¢ift yiizlii fotovoltaik panellerin
kullanimi ile yapilan calismaya gore kayip /kazang orani ortalama %9,63 artmistir. Kirikkale
ili i¢in giines enerjisi hesaplamalarinda cevre sartlarinin etkisi dikkate alinmalidir. Diger
taraftan bifaciality faktorleri normalde %70 ile %95 arasinda degigmektedir. Yapmis
oldugumuz c¢alismada bu faktor %90,37 cikmustir. Ele edilen degerler literatiir ile uyum

icerisindedir [18]. Bu calisma, Kirikkale ilinin giines enerjisi potansiyelinin yiiksek olmasi ile

birlikte ¢ift yiizlii fotovoltaik panellerin kullanim1 hakkinda referans olacaktir.
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TURKIYE UCAK SANAYII (1925-1952)
Umut GULERYUZ
0000-0002-2337-3577

Van Biiyiiksehir Belediyesi

OZET

Osmanli Devleti’'nde 1 Haziran 1911°de “Kitaat-1 Fenniye Mevaki-i Miistahdeme
Miifettis-i Umumiligi ’nin bir hava komisyonu kuruldu. Bu komisyon ikinci subeye bagl idi.
Havaci zabitler ilk olarak ordudaki subaylardan yetistirildi (Kaymakli, H. 1997:327). 1k olarak
3 Temmuz 1912°de Yesilkoy Hava Mektebi acildi. Harbiye Nezareti tarafindan 13 Haziran
1920’de Hava Miidiiriyeti Umumisi kuruldu. 13 Haziran 1920’de ise Miidafaa-i Milliye
Vekaleti Harbiye Dairesi’ne baglandi. Deniz pilot kidemli Yiizbast Sami (Ucan) Bey Subenin
miudiirligiine atand1 (Tanman, S. 1995:36). Kurumun ad1 1922’de Kuvayi Havaiye Miifettisligi
olarak degistirldi (Sarp, I. 2010:66). Mustafa Kemal (Atatiirk)’{in emriyle 16 Subat 1925’te
Tirk Tayyare Cemiyeti kuruldu. Kuruculari Sakir Hazim, Vecihi Hirkus (1896-1969)!
(Bahtiyar, O. 2020:11) ve Hasan iskender Bey’dir (Hiirkus, V. 1942:64).

1925°te Kayseri’de ve 1926’da Eskisehir’de kurulan ugak fabrikalar ve Tiirk Tayyare
Cemiyeti’nin 1925’te Ankara’da faaliyete gecirdigi “Akkoprii Planér Atolyesi” Tirkiye
Cumbhuriyeti’nin bu alandaki eksikligini gidermeye yonelik 6nemli girisimlerdir (Akdemir, Y.
2005:167).
Milli Savunma Sanayisi i¢in girisimlerde bulunularak savas ugagi i¢in projeler hazirlandi.(
(BCA), 230.0.0.0/8.27.1.)? Ugak fabrikas1 kurulmasi i¢in goriismeler devam ederken Tiirk Hava
Kuvvetler i¢in avci, kesif ve bombardiman ugagi alinmasina karar verildi. (BCA,
30.18.1.1/14.39.11.)
Anahtar Kelimeler: Tiirk Tayyare Cemiyeti, Ugak Fabrikalari, Tiirk Hava Kurumu

1 «1912’de Kurmay Albay Kemal Bey’in yaminda goniillii olarak Balkan Harbi'ne katildi. Istanbul Ordu
Kumandanhginin gorevlendirmesiyle Beykoz Serviburundaki esir kampwna kumandanlik yapmaya basladi.
Tayyare Makinist Mektebi’'ne girdi. Buradan mezuniyetinden sonra 1. Diinya Savasi'nda Bagdat Cephesi’ne
makinist olarak gonderildi. 2 Subat 1916°da bir ucak kazasinda yaralandi ve Istanbul’a geldi. lyilestikten sonra
Yesilkoy 'deki Tayyare Mektebi’'ne girdi. Burada 21 Mayis 1916 da ilk u¢usunu gerceklestirdi. 15 Kasim 1916 daki
mezuniyetinden sonra pilot diplomasini aldi. 1917 de Kafkas Cephesi’ne, 7. Tayyare Boliigii ne tayin edildi. Bu
cephede bir Rus ugcagim diisiirdii ve ugak diisiiren ilk Tiirk tayyareci olarak tarihe gecti. Yunanlilardan kalan ugak
malzemelerinden yararlanarak projesini hazirladigu ilk Tiirk u¢agt "Vecihi K-VI'yvi 1924 'te diretti. 16 Subat 1925'te
Tiirkiye'de kurulan ilk sivil havacilik organizasyonu olan Tiirk Tayyare Cemiyeti (THK) kurucular: arasindaki ilk
ve tek pilot olarak yer aldi. 17 Haziran 1925 te Tiirkiye 'nin Bastayyarecisi unvani verildi.”

Tiirkiye Cumhuriyeti Cumhurbaskanhgi Devlet Arsivleri Baskanhig1 Cumhuriyet Arsivi (BCA)
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1. GIRIiS

Havacilik faaliyetleri 6zellikle XX. Yiizyilin baslarinda diinyada yogun bir degisim ve
gelisim siireci yasamistir. Osmanli’nin son doneminde baslayan havacilik ¢caligsmalari kendisini
askeri alanda gdstermistir. Bu agidan 1911 yil1 olduk¢a onemlidir. Bu dénemde italyanlar
Osmanli’nin Kuzey Afrika’daki son toprak parcasi Trablusgarp’a saldirdi ve Rodos Adasi’ni
isgal etti. Deniz giici yetersiz olan Osmanli Devleti’nin burayla kara baglantis1 da
bulunmamakta idi. Avrupa’da ise Hava araglar1 askeri amaclarla hizla kullanilmaya devam
etmekteydi. Osmanli Devleti’nin bu alanda geri kaldigimin farkinda olan Harbiye Naziri
Mahmut Sevket Pasa tarafindan Kurmay Yiizbasi Siireyya Bey, balon ve ugak temini
konusunda gorevlendirdi (Akgura, G. 2013:44).

1 Haziran 1911°de “Kitaat-1 Fenniye Mevaki-i Miistahdeme Miifettis-i Umuimiligi nin”
Ikinci Subesi’ne bagli bir hava komisyonu kurulduktan sonra Fesa Bey (Evrensev) ile Yusuf
Kenan Bey Paris’e Blenot Havacilik Okulu’na gonderildi. Mahmut Sevket Pasa’nin hazirladig:
rapor ve girisimleri sonu¢ verdi. 4 Ocak 1912°de Sefakody’de iki hangar ve bir meydan insa
edildi. Buras1 Atatiirk Havalimaninin kuzeyinde yer almakta idi. (Kaymakli, H. 1997:328).

Subat 1912°de Fransa’dan bir adet tek kisilik “Robert Esnaoult-Pelterie (REP)” ile bir
adet iki Kisilik “Deperdussin” marka ucak satmn alind1. 15 Mart 1912°de bu ugaklar istanbul’a
getirildi. Bu ugaklar Fesa ve Yusuf Kenan Beyler tarafindan kullanildi. 3 Temmuz 1912°de
Yesilkdy Hava Mektebi acildi. 1914°te askeri amagla hizmet verecek olan iki ugakla Istanbul-
Kahire seferine basladi. Bu emir Enver Pasa’nin emriydi. Yiizbas1 Fesa Bey ve diger pilotlar
tarafindan ugusun tehlike arz ettigi Enver Pasa’ya bildirildi. Ancak Istanbul-Eskisehir-Afyon-
Konya-Ulukisla-Adana-Halep-Humus-Beyrut-Sam-Kudiis-ElAris-Port-Kahire ve Iskenderiye
rotasinda ugus gerceklestirilmesi i¢in emir verildi (Akdemir, Y. 2005:167).

27 Subat 1914°te “Muavenet-i Milliye” ve “Prens Celaleddin’ adl1 ugaklar Ortadogu’da
diismiis ve pilotlar1 Fethi, Nuri ve Sadik beyler hayatlarii kaybetmislerdi. Fethi ve Sadik
Beyler Tiirk Havacilik Tarihi’nin ilk hava sehitleri olacaklardi (Ozdemir, Y. 1981:27).

2. CUMHURIYET DONEMI HAVACILIK FAALIYETLERI

2.1. Milli Miicadele’de Havacilik Faaliyetleri (1919-1922)

Mondros Miitarekesi’nin (30 Ekim 1918) ardindan isgal kuvvetleri askeri alanlarla
beraber havacilik merkezlerini de ele gecirip buralarda tahribatlar gerceklestirdiler (Kurter, A.
2009:161). Harbiye Nazir1 Damat Ferit’in emriyle 24 Haziran 1920°de Istanbul’da bulunan

Kuva-y1 Havaiye Miifettisliginin kapatilmas: bu orneklerden birisidir. Burada goérevine son
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verilen pilotlardan bazilar1 Milli Miicadeleye katilmak iizere Anadolu’ya gecti. (Afet, I.
1998:19).

Milli Miicadele Donemi’nde Elazig, Konya, Diyarbakir ve Eskigehir’de bulunan hava
birliklerinden kismen faydalanildi ve bu pilotlar buralarda gorev aldi. Harbiye Nezareti’nin
emriyle 13 Haziran 1920’de Hava Miidiiriyeti Umumisi kuruldu. 13 Haziran 1920°de Miidafaa-
i Milliye Vekaleti Harbiye Dairesi’ne baglandi. Subenin miidiirligiine, deniz pilot kidemli
Yiizbas1 Sami (Ugan) Bey getirildi (Tanman, S. 1995:36). 1922°de Kuvay1 Havaiye Miifettisligi
admi ald1 (Sarp, 1. 2010:66).

Bat1 Cephesi’nde 6zellikle kesif amagli havacilik biiyiik 6nem arz etmekteydi. Diisman
harekatlarini tespit amacli havacilik faaliyetlerine hiz verildi. Ankara Antlagmasi (20 Ekim
1921) sonras1 Fransizlardan on adet “Breguet-74" kesif ucag: alindi. italyanlardan iki adet
“Aviatik” ve “Fiat” model ve yirmi adet “Spat 13" av tayyaresi satin alindi. Bu ucgaklar
Konya’da bulunan Tayyare Istasyonu’na getirildi (Verel, O. 1985:131).

Kurmay Yarbay Muzaffer (Ergiider) Bey 22 Temmuz 1922°de Hava Kuvvetleri
Miifettisligi ‘ne getirildi (Doganay, R. 2008:56). Alinan bu ugaklarin Bati Cephesi basarilarinda
onemli bir payr oldugu belgelerle desteklenen bir vakadir. Yapilan kesif ucuslari isgal
kuvvetlerinin hava harekatlarinda caydirict bir etken olmustur (Firtina, H.I. 2009:27). Milli
Miicadele’de 6nemi bir kez daha anlasilan havacilik faaliyetleri hizla gelistirildi devam. Egitim
ve gozlem amach Fransa, Almanya, Ingiltere ve Italya’ya gonderilen Havacilik Heyeti
buralardan edindigi bilgileri 24 Haziran 1924°te bir rapor halinde Hava Kuvvetleri Miifettisligi
‘ne sundu (Tiirk Istiklal Harbi, Deniz Cephesi ve Hava Harekati, 1964:131).

Tam bagimsizlik i¢in Tirk Havaciliginin 6nemini bilen Mustafa Kemal (Atatiirk), 1
Kasim 1924°de Tiirkiye Biiylik Millet Meclisi (TBMM) nin ikinci donem acilisinda savunma
ve gelismede havacilik faaliyetlerinin 6nemini belirten bir konusma yapti (Gokgen, S. 1982:64).
Yapilan tavsiye ve cagrilar sonucu Mahmut Celal (Bayar) ve arkadaglari 7 Aralik
1924°te “Tayyarecilik Tetkikat Tiirk Anonim Sirketi” kurmak lizere girisimlere bagladilar (BCA,
30.18.1.1/12.60.18.).

2.2. Tiirk Tayyare Cemiyeti’nden (1925) Tiirk Hava Kurumu’na (1935)

Mustafa Kemal (Atatiirk)’iin havacilik sektoriintin  gelistirilmesi ile ilgili emri
dogrultusunda 16 Subat 1925°te Sakir Hazim, Vecihi Hiirkus (1896-1969) ve Hasan Iskender
Bey tarafindan Tiirk Tayyare Cemiyeti kuruldu. Bu Tiirkiye’de havaciligin gelismesi i¢in atilan
ilk bliylik adimdir. Mustafa Kemal (Atatiirk) tarafindan 15 Mayis 1925°teki resmi agilig,

gergeklestirildi. Kendisi tarafindan yapilan konusmada su ifadelere yer verildi: ... Jstikbal
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goklerdedir, ¢iinkii géklerini koruyamayan milletler yarinlarindan asla emin olamazlar... Her
iste oldugu gibi havacilikta da en yiiksek seviyede, gokte seni bekleyen yerini az zamanda

dolduracaksin. Ey Tiirk Genci! Kisa zamanda gékte seni bekleyen yerini alacaksin”.

2.3. Tiirk Tayyare Cemiyeti’nin Kurulus Siirecindeki Gelir Kaynaklar:

2.3.1. Milli Kaynaklar

Kurum’un hizla gelistirilmesi i¢in bir¢ok yerden gelir kaynagi kalemi olusturulmustur.
Toplam yirmi bir kalemi soyle siralayabiliriz: (BCA, 30.10.0.0/60.404.5.) a) Halkin bagislar1
b) Tayyare Piyangosu c) Fitre, zekat ve kurban derileri d) Tayyare Pulu e) El ve duvar ilanlar1
imtiyazi f) Her sigara paketine isabet eden bir sigara farki {icreti g) Usak Seker Fabrikasi’nin
ilk mahsulii h) Mevcut domuzlarin istismari i) Eski pullarin devri, j) Bakanlar Kurulu karariyla
saglanan gelir hak ve imtiyazlar k) Uye aidatlar1 1) Tutkalli Makbuz, m) Ozel ve genel biitgeden
yapilan yardimlar n) Kira gelirleri o) Istirakler gelirleri p) Faiz gelirleri ) Makara ve iplik
fabrikas1 tesis hakki r) Askeri terhis ¢izelgelerinin bastirilmasi ve iicret karsiligr satilmasi s)
Odemis Balyanbolu Bucag:’nin Kiire ve Bagcilar kdylerindeki civa madeninin isletilmesi t)
Atatiirk’iin Biiyiik Nutku’nun gelirinin Kuruma Bagislanmasi u) Bulgaristan’dan kiglamak
tizere Trakya’ya gelecek koyun-ke¢i sahiplerine verilecek kefaletnamelerin telif haklaridir v)
Bazi triinleri ihrag islemlerinin % 1’1 Tiirk Hava Kurumun gelirlerine dahil edilmisti. Gelir
kaynaklar1 toplanirken kanuna uygun davranilmistir. Suistimalde bulunanlar cezalandirilmastir.
(BCA, 30.10.0.0/69.454.23.)

Cumhuriyet Halk Partisi’nin 1927°de diizenlenen ikinci Kurultayr’'nda Mustafa Kemal
(Atatiirk) tarafindan irat edilen Nutuk’un gelirini de kuruma bagislanmistir. Ozellikle kurban
derisi konusundaki tartismalara son vermek isteyen Diyanet Isleri Baskanligi Subat 1927°de
miiftiiliiklere bir yazi gonderdi. Yazimin igeriginde derilerin Tirk Hava Kurumu’na
verilmesinin “caiz” oldugu belirtilmekteydi. Bu fetvanin halka anlatilmasi ve halkin bu konuda
bilgilendirilmesi istenmistir. (BCA, 051.0.0.0/4.30.27.)

Zekat, fitre ve kurban derilerinin 1933 yilina ait muhtelif tarihli belgelerde Tayyare
Cemiyeti tarafindan toplanmasi konusunda fikirler belirtilmekteydi. Daha sonra bu gelirler
Himaye-i Etfal, Kizilay ve Tayyare cemiyetleri arasinda paylasilacakti. Bu yetki 7 Aralik
1933’te Bagbakan Ismet (Inonii) Bey tarafindan Tayyare Cemiyeti’ne verildi. I¢isleri Bakanlig1
da bu dogrultuda 9 Aralik 1933’te vilayetlere yaz1 yazdi. (BCA, 30.10.0.0/178.233.19; BCA,
51.0.0.0/3.19.4.)
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2.3.2. Yabanca1 Yatirimlar

Tiirkiye’yi Avrupa iilkelerine baglayan ilk ticari hava hatti, “Franco-Romen Hava
Seyrisefer Kumpanyasi” 1922°de Istanbul’da kuruldu. Ayrica 1924’te “Aero Espresso
Italiana” sirketine yirmi yillik bir imtiyaz verildi. Bu imtiyaz istanbul-Atina-Brindisi hattinda
gegerli oldu (BCA, 51.0.0.0/13.114.25; BCA, 51.0.0.0/2.6.11.)

Alman “Junkers Tayyare Sirketi” 1925°te Ankara-Istanbul arasinda ugus yapabilme
yetkisi aldi. Avrupa havayolu sirketleri i¢in Tiirkiye Onemli bir ticari ugus hatti olarak
degerlendirilmekteydi. Avrupa ile Asya arasindaki koprii gorevi goren Tiirkiye havayolu
sirketleri i¢in Onemli bir cazibe merkezi haline geldi. Ekonomik anlamda 6nemli gelirler
saglayan yabanci girketlerle 1933’e kadar anlagsmalar devam etti. 1933’te Havayollar1 Devlet

Isletme Idaresi kuruldu. Yetkinin bu kuruma devriyle ulasimda millilesme anlaminda dnemli

bir asama kaydedildi (Tayhani, I. 2001:213).

2.4. Tiirk Hava Kurumu (24 Mayis 1935)

Vecihi Hiirkus’un faaliyetlerini yakindan takip eden Mustafa Kemal (Atatiirk), Tiirk
Tayyare Cemiyeti bagkan1 Fuat (Bulca) Bey’1 yanina ¢agirip konuyla ilgili rapor hazirlanmasini
talep etti. Havacilik egitiminin gelistirilmesi amaciyla 3 Mayis 1935°te Tiirkkusu (Yalgin, O.
2010:193) kuruldu. (Adigiizel, M.B., Akkus, S. ve Kula, C. 2006:73). A¢ilista Mustafa Kemal
su sozleri sarf etmistir: (Gokgen, S. 1982:71) “...Hayat i¢in, havayt yalniz nefeslenmenin yeter
olmadig anlasildi. Gerek ve gercek olan, hava hakimiyeti oldugu yalin olarak ortaya ¢ikti.
Biitiin milletlerin, biiyiik gayretle, iizerinde ¢alistiklart bu sahada, Tiirk milleti de, siiphesiz
verini almaliydi. Tiirkive Cumhuriyeti Hiikiimeti, kara ordumuzun yaninda, donanmamizi
kurarken, hava filolarimizi da, en son hava vasitalariyla diizenlemekten geri kalmadi...”

Cumhuriyet Halk Partisi’nin 24 Mayis 1935°te diizenlenen Ikinci Kurultayr'nda Tiirk
Tayyare Cemiyeti’nin ad1 Tirk Hava Kurumu (THK) olarak degistirildi. (Tirk Hava Kurumu
Altinc1 Kurultay1 Zabitlari, 1935:1) THK ye yardim i¢in baslatilan kampanyaya Mustafa Kemal
(Atatiirk) 10.000 lira bagista bulundu. (Ulus, 1935:1). Dénemin iinlii tiiccarlarindan biri olan
Vehbi (Kog) Bey 5.000 lira, Bagbakan ismet (Indnii) Bey ve ailesi 1.000 lira, TBMM Baskani
Abdiilhalik (Renda) Bey 500 lira ve Is Bankas1 Genel Miidiirii Muammer (Eris) Bey 500 lira
bagista bulundu. (Tiirk Hava Kurumu Altinct Kurultay1 Zabatlari, 1935:1)
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3.UCAK VE UCAK MOTORU URETIM TESEBBUSLERI

3.1 Kayseri Ucak Fabrikasi

Ucak sanayisinde Almanya onde gelen iilkelerden birisiydi. Kemaleddin (Sami) Bey
planlanan fabrikalarin gelistirilmesi i¢in gbézlem amaciyla Almanya’nin “Junkers
Flugzeugwerke, AEG, Telefunken ve Simens” sirketlerini ziyaret etmekle gorevlendirildi. O
donem Tiirkiye’nin Berlin Biiyiikelgisi olan Kemaleddin (Sami) Bey bir rapor hazirladi.
Raporda is¢i ve mihendis sayisindan ve iiretimde kullanilan ham maddelerden
bahsedilmekteydi. Ayrica “Junkers” adli firma yetkililerinin Tirkiye’de bir ugak fabrikasi
kurmak istedikleri de raporda belirtilmekteydi. (BCA, 230.0.0.0/8.26.3.)

Ozellikle savunmanin millilestirilmesi amaciyla iiretilmesi planlanan savas ucaklarinin
projeleri hazirland1 (BCA, 230.0.0.0/8.27.1.). Bu siire zarfinda Tiirk Hava Kuvvetler i¢in bu
sirketten avci, kesif ve bombardiman ugagi alimlari gergeklestirildi (BCA, 30.18.1.1/14.39.11.).
15 Agustos 1925°te yapilan sozlesmeyle “Junkers Flugzeugwerke” sirketiyle birlikte bir Tiirk
Anonim Sirketi kuruldu. Tirkiye temsilcisi Maliye Bakan1 Hasan Hiisnii Bey idi. “Junkers
Flugzeugwerke” sirketini ise Hans Schanberg temsil etmekteydi. S6zlesmenin igeriginde bir
ucak fabrikasi, yolcu ve esya tasimaciligini ve zehirli gaz fabrikasinin yapimini yer almaktaydi
(BCA, 30.18.1.1/15.50.20.). Yolcu ve kargo tasimaciliginda karsilikli sunulan sartlara gore
diizenlemeler yapildi (BCA, 230.0.0.0/8.27.4.). Sozlesme yapildigina dair iki niisha
basbakanliga sunuldu (BCA, 230.0.0.0/8.27.3.). Bununla beraber 6denek hazirlanmasi igin yeni
bir kalem olusturuldu (BCA, 30.18.1.1/13.21.7.).

Fabrikanin Kayseri’de Yahsihan’in batisinda, uygun bir alana yapilmas: ve Fabrika 8
Kasim 1925°ten bir y1l sonra ugak tiretebilecek hale getirilmesi kararlagtirildi (Dervisoglu, F.
2014:68). Eskisehir’de de bakim ve onarim isleri i¢in bir tesisin kurulmasi planlandi (Gilten,
Z.2002:46).

Bakanlar Kurulu’'nun 7 Eylil 1925’te yayinladigi kararnameyle 3.360.000 lira
sermayeyle Tayyare ve Motor Tiirk Anonim Sirketi (TOMTAS) kuruldu. Ilk olarak Refik
(Koraltan) Yonetim Kurulu Bagkanligi’na atandi. 125.000 liralik ilk sermayesi Tiirk Tayyare
Cemiyeti biitcesinden karsilandi (Caglar, B. 2000:338).

6 Ekim 1926 tarihinde gerceklestirilen Kayseri ugak fabrikasi acilisina Basbakan Ismet
(Indnii) tebrik mahiyetinde bir mektup gonderdi (BCA, 30.10.0.0/171.187.7; Demirer, M.A.
2017:105). Fabrikada yiiz yetmis personel calismaktaydi bunlarin ellisi Tiirk, yiiz yirmisi
Almandi. Ayrica Tiirk personeller liretim alaninda egitilmek {izere gruplar halinde Almanya’ya

gonderilmekteydi (Yavuz, 1. 2015:25).
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Bu donemde Rusya ve Polonya’da birer ucak fabrikasi agildi. Ayrica sirketin mali
sikintilar yasamasi1 da Tirkiye i¢in olumsuz bir durumdu (Kogak, C. 2013:9). Tiirk Hava
Kuvvetleri’nin ucak satin aldig1 Fransiz “Bréguet” ve Cekoslovak “Simoling” sirketlerinin
temsilcileri “Yi/mazlar” ve “Cudiler” isimli firmalar olumsuz miidahalelerde bulundular. Bu
durum sozlesmenin feshedilmesini hizlandirdr (Hiirkus, V. 1942:65). Siirecin uzamasi olay1
mahkemeye tasidi (BCA, 30.18.1.1/29.35.12.). Ankara 1. Asliye Hukuk Mahkemesi’nde
goriilen davaya Hava Miifettisligi de dahil oldu. Ciinkii Fabrikanin 3 Mayis 1928°den itibaren
Hava Miifettisligi emrine verilmisti. 6 Mayis 1928’de fabrikan tiretimi durdurdu (BCA,
30.10.0.0/61.411.1.). TOMTAS iflas ettikten sonra Tiirk Tayyare Cemiyeti 520.000 liraya
sirketi devraldi (BCA, 30.18.1.2/6.57.15.).

Yirtitiilen ¢aligmalar sonucunda 1931°de Kayseri Ucak Fabrikast yeniden acildu.
Amerika Birlesik Devletleri (ABD) nin lisans hakkina sahip oldugu ucaklarla ilgili goriismeler
alindi ve gereken izinler alindi. Yeniden ugak tiretimi “The Curtiss Aeroplane and Motor
Company Inc.” Sirketiyle 3 Kasim 1931°de sozlesme imzalandiktan sonra basladi (BCA,
30.18.1.2/24.72.17.). Sozlesme siiresi 14 Ocak 1933’te bir y1l, 28 Aralik 1933’te alt1 ay olmak
tizere bir buguk yil uzatildi (BCA, 30.18.1.2/33.5.7; BCA, 30.18.1.2/41.92.3.). ABD’den
getirilen uzmanlar Tiirk ¢alisanlar1 egitti (BCA, 30.18.1.2/37.48.3; BCA, 30.18.1.2/40.80.17.).
Toplam kirk bir adet “Curtiss Hawk” ve “Fledglig” u¢agimin iiretimi tamamlandi (Kaymakli,
H. 1997:327). Mustafa Kemal (Atatiirk), 1401 numarali “Fledglig” marka ucagi Riza
Pehlevi’ye hediye etti. Bu ucagi Pilot Yiizbasi Enver Akoglu ve makinist Nihat Kayal1 teslim
ettiler. Kendilerine ulagim kolaylig1 icin siyasi pasaport saglandi ve yevmiye verildi (BCA,
30.18.1.2/46.47.4; BCA, 30.18.1.2/46.45.13.)

Mustafa Kemal (Atatiirk)’iin yonlendirmeleri ile 20 Mayis 1933°te olan Hava Yollar
Devlet Isletme idaresi kuruldu. Bu idare Milli Savunma Bakanlig1’na bagliydi. Kurulmasindaki
amag sivil havacilik rotasi olusturmada ve hava tasimaciliginda ilerleme saglamakti.® (Resmi
Gazete, S.2186, (27/05/1933), s.1.)

ABD Disinda 1937°de Alman “Gothaer Waggon Fabrik A.G.” ve Polonyali
“Panstwowe Zaklady Lotnicze” sirketleri lisans sdzlesmesi yapilan diger onemli firmalardi
(Yalgin, O. 2012:267). iki yillik siire zarfinda (1936-1938) arasinda otuz bes adet “Gotha Okul
Ucgag1” ve “PZL-24A-24C” av ugagi iiretildi. Bunun Tiirkiye ekonomisine katkis1 433.000 lira
oldu (BCA, 30.10.0.0/59.399.8.). Uretimi tamamlanamayan ugcaklar ise satin alind1 (BCA,

3Turkiye'de Hava Yollari tesis etmek ve bu yollar uzerinde nakliyat yapmak i¢in Milli Mudafaa Vekilligine
merbut ve hikmi sahsiyeti haiz Hava Yollan Devlet Isletme Idaresi namile hususi bir idare teskil
edilmigtir.
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30.18.1.2/63.24.4.). Ayrica ABD’den elli sekiz adet “Vultes V.II" ve “Bristol” bombardiman
ucagi alindi. Bu ugaklar Tirk Hava Kuvvetleri’'ne verildi (BCA, 30.18.1.2/72.16.10;
BCA,30.18.1.2/83.54.18. ). Kayseri Ugak Fabrikasi’nin ad1 1950°de 2. ikmal Bakim Merkezi
olarak degistirildi. 1975’te bu isim yeniden degistirilerek Kayseri Hava Ikmal ve Bakim Merkez

Komutanligi oldu (Ozdemir, Y. 1981:22).

3.2. Etimesgut Ucak Fabrikasi

Daha 6nce deginildigi gibi 1925°te hizmet vermeye baslayan “Ankara Akkoprii Planor
Atolyesi” 1939°da daha biiylik ugaklar iiretilen bir atdlyeye doniistiiriildii. Yapilan karsilikli
sozlesmelerle Ingiltere 27 Mayis 1938’de 16.000.000 sterlin kredi vermeyi kabul etti. Bu
kredinin 6.000.000 sterlini silah ve askeri malzeme alimimda kullanildi. 1.000.000 sterlinlik
kisim ise ugak fabrikasinin kurulmasi i¢in gerekli yerlere harcandi (Er, S. 1972:2). Amerikan
Motor Anlasmasi i¢in 1.000.000 sterlin harcandi (BCA, 30.10.0.0/61.411.12.). Biitiin bu
gelismeler sonucunda 9 Ocak 1939°da Etimesgut Ugak Fabrikasi agildi. Bakim onarim isleri
artik buradan da yiirttiilecekti (BCA, 30.10.0.0/61.408.2.).

1 Eylil 1939°da Polonya Nazi Almanya’s1 tarafindan resmen isgal edildi. Jerzy
Wedrychowski Tiirk Hava Kurumu’na birlikte ucak tiretebileceklerini bildirdi (Er, $. 1948:12)
“Ugak Tasaruimi Miihendislik Biirosu” ve “Deneysel Havacilik Atolyeleri’nin” yOneticisi olan
ucak miihendisi Wedrychowski’nin 13 Haziran 1940 tarih ve 6-854/2628 bu yazisini
degerlendirmek {iizere bir komisyon olusturuldu (Demirer, M.A. 2015:8). Basbakanliga
sunulan 18 Temmuz 1940 tarihli raporda Polonyali miihendislerin teklifinin olumlu karsilandig1
ifade edilmekteydi (Bas, O.F. 2017:367).

Polonyali miihendislerin Fransa’dan Tiirkiye’ye ivedi bir sekilde getirilebilmeleri i¢in
Tiirkiye Cumhuriyeti vatandashigima kabul edilmeleri alinmalarina kararlastirildi (BCA,
30.18.1.2/93.118.19.). Toplam yirmi sekiz miihendis Fransa ve Ingiltere’den Tiirkiye’ye
getirildi. Miihendisler isletme islerinde ve Motor Fabrikasi projesinde gorevlendirildi (BCA,
30.10.0.0/100.619.5.). 6 Mayis 1941 tarihli Bakanlar Kurulu karariyla on dokuz Polonyali
miihendis ve usta Karabiik Demir Celik Fabrikasi’nda ¢alistirilmak {izere Tiirk vatandagligina
alind1 (BCA, 30.18.1.2/94.37.15.). Ailesini yaninda getiremeyenlerin ailelerine gida ve giyecek
gondermeleri saglandi (BCA, 30.18.1.2/96.80.13; BCA, 30.10.0.0/202.378.17.). Polonyali
miihendislerin katkilariyla Etimesgut Ucak Fabrikasi’nda 1952’e kadar su ucaklar iiretildi:
seksen adet “Miles M. 14 (Magister)”, on iki adet “THK-2", kirk adet “THK-4", kirk adet
“THK-7" otuz sekiz adet “THK-9"”, ii¢ adet “THK-10", tipi ugak (BCA, 30.1.0.0/100.619.6.).
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Burada tiretilen bir baska ucak ise “THK-54 (Tiirkler)”, tipi ambulans ugaktir. Toplam
bes adet tiretildi. Bu ugaklardan bir tanesi Danimarkali “Falcks Redninggrkorps” firmasina
satildi. Milli Savunma Bakanlig1 tarafindan izin onayindan sonra Bakanlar Kurulu, yurtdigina

ucak satigiyla ilgili yeni bir kararname yayinladi (BCA, 30.18.1.2/126.63.8.).

3.3.Yapilan Diger Girisimler

1941°de Etimesgut Ucak Fabrikasi’na bagl “Motor Fabrikasi Kurulus Biirosu” adiyla
bir biiro kuruldu (BCA, 30.10.0.0/100.619.5.). 24 Eyliil 1942 tarih ve 62/124 say1l1 yazida Tirk
Hava Kurumu, Motor Fabrikas1 i¢in Kalaba Kd&yii civarinda bir arazinin istimlak edilmesiyle
ilgili talepte bulunmustur (BCA, 30.10.0.0/61.410.13.). 7 Kasim 1942’de de Tohum Islah
Enstitlisii’ne ait arazinin satin alinmasi istenilmekteydi (BCA, 30.10.0.0/61.410.16.). Gazi
Ucak Motor Fabrikasi Teskilat Sefi Polonyali Josef Dziewonski’nin Ingiltere’ye “Gipsy”
motorlar1 incelemek i¢in gorevlendirilmisti. Masraflar i¢cin 10 Temmuz 1943 tarih ve 19523
sayil1 yazi ile Basbakanliktan doviz talebinde bulunulmustur (BCA, 30.10.0.0/133.958.8.).

Jerzy Wedrychowski’'nin 14 Mayis 1941°de yazdigi raporda Istanbul Teknik
Universitesi Makina Fakiiltesi’ne bagl bir havacilik boliimii agilmasina ve bunun iiretime katki
saglayabilecegine dair bilgiler yer almaktaydi (Biyiklioglu, N. 1991:25). Kendisine konunun
Nafia Vekaleti tarafindan degerlendirilecegine dair cevap yazildi (BCA, 30.10.0.0/61.409.15.).
1941°de Makina Fakiiltesi biinyesinde Istanbul Teknik Universitesi Ugak Miihendisligi
Boliimii kuruldu. Burada dersler Polonyali yiiksek miihendisler tarafindan okutulmaktaydi
(BCA, 30.10.0.0/201.375.17.).

30 Ekim 1948’de fabrika Tohum Islah Enstitiisii’ne ait arazide agild1 (Daver, A. 1945:9).
Ingiltere’ye giden miihendisler “Gipsy Major 10”’ motorunun bir 6rnegini Tiirkiye’ye getirdiler.
Bu 6rnek tiretimde kullanilacakti (BCA, 30.10.0.0/61.409.21.).

Nuri Demirag (1886-1957) tarafindan 17 Agustos 1941°de Yesilkdy’de havaalani,
hangar ve atdlye agildi. Siparislerin teslim alinmamasi neden gosterilerek 1950’de atdlye
kapatildi ve biitiin arazi kamulastirildi (Er, S. 1978:67). Nuri Demirag’in agtig1 dava Ankara 3.
Asliye Ticaret Mahkemesi’nde goriilmeye basland (Soku, Z.S.1947:72). Test ugusu i¢in uygun
goriilen Eskisehir’deki arazinin tehlikeli oldugunu Selahattin Alan’in bu nedenle sehit
oldugunu belirten Nuri Demirag’in savunmasina cevaben Tiirk Hava Kurumu Avukati Ismail
Hakki verilen siparislerle iiretilen tayyarelerin ayn1 olmadigini ifade etmistir (Adigiizel, M.B.

2013:170).
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Milli Savunma Bakani Ali Riza Artunkal tarafindan Bagbakanliga gonderilen 28
Haziran 1944 tarihli yazida ise siparislerin teslim alinmama nedeninin iiretilen ugaklarin
performanslarinin eksik oldugu belirtilmekteydi (BCA, 30.10.0.0/ 58.396.11.)

Nuri Demirag’a ait bu atolyelerde 1943-1950 yillar1 arasinda su ugaklar tiretilmisti: on
iki adet “Nu.D.36” egitim ucagi, atmis bes adet plandr ve bir adet “Nu.D.38” turizm ve
bombardiman ugag1. Tiirkiye tarafindan tiretilen ilk yolcu ug¢agi “Nu.D.38” dir (Er, S. 1978:68).

1950’de Ankara Hava Tineli (AHT) kuruldu. Buranin kurulus amaci Havacilik
sektoriine personel yetistirmekti. Makina ve Kimya Endiistrisi (MKEK), 1952°de Tiirk Hava
Kurumu Ugak ve Motor Fabrikalari’nin tamamini devraldi. AHT nin ise 12 Ocak 1956’da

Genelkurmay ilmi Istisare ve Gelistirme Kuruluna devri gergeklestirildi. Bu kuruluslar

Gliniimiizde Tiibitak-Sage biinyesinde faaliyet yiiriitmektedirler.

4.SONUC

Tiirkiye Cumhuriyeti’nin kurulusundan itibaren biitiin alanlarda hizlandirilan
millilesme ¢alismalar1 savunma sanayisinde de kendini gostermistir. Trablusgarp Savasi ve
Kurtulus Savasi donemlerinde ucak sanayisinin 6nemi bir kez daha anlagilmisti.

Cumbhuriyetin kurucular1 bu gergeklerden yola ¢ikarak THK Ugak ve Ugak Motor
Fabrikalari’'n1 kurmak icin bir takim girisimlerde bulundular. Tirk Tayyare Cemiyeti,
Tirkkusu, Tirk Hava Kurumu, Kayseri ve Ankara’da kurulan ucak fabrikalar1 bunun
ornekleridir. Polonya’dan Tiirkiye’ye getirilen miithendisler ve diger meslek grubundan 6nemli
insanlar bu siireci daha da hizlandirmistir. Ancak dis etkenler ve i¢ siyasi meseleler yeterince
verim alinamamasina neden olacakti.

1925-1952 yillar1 arasinda iki yiiziin iizerinde ugak iiretilmesine ragmen iiretimin devam
ettirilememesi Tiirk Ucak Sanayisi i¢in olumsuz bir durum teskil etmektedir. Bu durum motor
tiretimi i¢in de aynidir.

1941°de Istanbul Teknik Universitesi biinyesinde Ucak Miihendisligi Béliimii’niin
kurulmas1 iiretim alaninda personel yetistirmek iizere atilan 6nemli bir adimdir. Ancak ugak
fabrikalarinin ¢esitli nedenlerle kapatilmasi veya devredilmesi Tiirk Havacilik ve Ugak

Sanayisi agisindan talihsiz bir olaydir.
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G.1: Tayyarecilik Tetkikat Tiirk Anonim Sirketi’nin Kurulus Kararnamesi (7 Aralik 1924)
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G.2: Tiirk Tayyare Cemiyeti Nizamnamesi (1925)
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G.3: Ankara’da Agilacak Sivil Havacilik Mektebi I¢in Satin Alinacak Ucaklarin Vergiden

Muaf Tutulmasina Dair Belge (1925)
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G.4: Atatiirk’lin Tiirk Hava Kurumu’nu ziyareti (1929)
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G.5: Zekat ve Fitrelerin Tiirk Tayyare Cemiyetine Verilmesine Dair Diyanet Isleri’nin Yazist

(7 Aralik 1930)
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G.8: Atatiirk’tin Turkkusu’nu ziyareti (1932)
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G.9: Ismet Inénii’niin Tiirk Tayyare Cemiyeti toplantisinda verdigi nutkun vilayetlere

gonderildigini gosteren belge (26 Haziran 1935)
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VIBRATION REDUCTION IN HADITHA HYDROPOWER PLANT KAPLAN
TURBINE WITH AIR INJECTION- REVIEW AND PROPOSED STUDY
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2 Faculty of Power and Aeronautical Engineering, Warsaw University of Technology, Warsaw
Poland (0000-0003-2176-7879)

Abstract. Kaplan turbine tip vortex cavitation is a well-known phenomenon that im-pacts the
performance of large-diameter turbines. This phenomenon is associated with high levels of
structural vibration that can severely affected the structural integrity of such turbines. Severe
metal erosion and high levels of sound and structural fatigue are among the major adverse
manifestation of flow induced vibration. Mechanical erosion due to cavitation occurs at the tip
end of the runner blades on the suction side and the discharge seal. In this work a review of the
current mitigation techniques is explored and discussed. Air injection is one of the well-known
approaches in this area and this study explore the benefit of using such techniques in Haditha
hydropower plant in Irag. Haditha plant is the second largest hydropower plant in Iraq which
suffer from severe mechanical erosion and component degradation due to cavitation related
issues. It had been reported that air injection has the potential to mitigates the adverse effect
caused by cavitation.

Keywords: cavitation, Kaplan turbine, vibration, hydro-turbines, runner blades

Introduction:

Conventional hydroelectric power plants (HPP) are likely to suffer from many problems related to
cavitation. This is because in many flow situations, inside the hydro unit, the pressure will drop far
enough to reach the vapor pressure of water. Vapor or gas-filled cavities, bubbles might be generated in
those regions, and it will have a strong influence on the flow stability and the hydro unit vibration
behavior. When these cavities collapse, the released energy will produce shock waves, micro jets, and
noise emission. Also, because of the different bubble sizes their collapse and oscillation inside the flow
will create a wide range of intense noise and vibration [1]. The potential of erosion is then proportional
to the amount of energy available for the collapse.

Axial turbines require a clearance, or a small gap, between the tip of the turbine blade and the
discharge ring, as illustrated in Figure 1. The design limitation of such clearance requires that it has kept
as small as possible to minimize the energy losses. This design feature combined with the high-pressure
difference between the pressure (top) and suction (bottom) side of the blade will trigger a leakage flow,
a secondary flow, through the clearance region [2]. This flow can be a source of cavitation, which in
some cases leads to the most aggressive type of erosion. The turbine tip clearance, mentioned early, will
initiate two types of cavitation, as shown in Figure 2. The first is known as tip clearance cavitation,
which situated on the tip of the runner blade. The second type, which emerges from the turbine tip
clearance, is called a tip vortex cavitation. It happens when the leakage flow leaves the clearance a jet
is generated. The jet then departs the suction side of the blade and initiate the tip vortex [4].

Cavitation developed in the core of such a vortex can also lead to many adverse effects. It reduces
the unit efficiency because the water that flows through the gap will not generate any torque on the
runner blades. Also, it produces a severe mechanical erosion of the discharge ring, turbine blades, and
draft tube inlet surface. Finally, it causes an increase in the structural vibrations of the generating unit
[2, 3, and 4]. All of that can reduce the potential lifetime of the turbine or cause expensive emergency
maintenance stops.

BOOK OF FULL TEXT ISBN: '978-625-7341-509 www.karadenizkongresi.org Page | 87



BLACK SEA SUMMIT 7th INTERNATIONAL APPLIED SCIENCES CONGRESS

spherical

semi-,

. ]
spherical s
casing!

1

axis of rotation

tip clearance

casing

Figure 1: Runner blade and casing in a Kaplan turbine [3].
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Figure 2: Tip clearance and vortex cavitation in Axial Kaplan Turbine [4].
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In many cases, HPP has to operate out of the optimal design point to match the high demand on
power or due to the lack of required amounts of water flow in rivers. Operation at off- design will cause
the water to exit the runner with a strong vortical (swirling) flow. The existence of swirl gives rise to a
strong unsteady draft tube vortex core; this will often cause separations and pressure fluctuations in the
draft tube of the unit [1]. Fluid will transport in the outer region while the inner region may contain a
stagnation zone or dead water core, as illustrated in Figure 3. The oscillations of the vortex can increase
the pressure fluctuations and structural vibrations up to a level that not only will decrease the efficiency
but may also cause structural damage to the turbine.

Figure 3: Dead water core (left), and draft tube vortex with a vapor core [1].

Haditha HPP represents a very precise example of the severe adverse effect of cavitation in the
hydro plant. This plant is situated on the Euphrates River in Irag, it contains six vertical type Kaplan
turbine, with a unit capacity of 110MW, and currently, it is the largest fully operated hydropower plant
in Irag. Due to the high demand on energy, with the low flow rates in the river, the plant operation
regime is mainly out of the optimal design point, and most of the time below the minimum required
water head. These operational conditions resulted in very severe damage due to cavitation. This was
manifested by the high structural vibration, due mainly to draft tube vortex, which caused numerous
fatigue type failure in several mechanical parts, as illustrated in Figure 4. Adding to that the discharge
ring and turbine blades severe erosion, due to tip clearance and vortex cavitation, as illustrated in Figure
5.
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Figure 4: Runner blade damage (top), and structural cracks in Haditha HPP (bottom) [13].

Figure 5: Discharge ring severe erosion in Haditha HPP [14].

Air injection considered to be, in most cases, an effective technique in decreasing the adverse effect
of cavitation. The injected air will have a cushioning effect on the higher components of both noise and
vibration. Adding to that the possibilities of mitigating the flow instabilities patterns inside the draft tube
of the hydro unit [1]. Introducing air into the cavitation zone will decrease the severity of bubble collapse
when the bubble reached a high-pressure zone inside the flow. This will reduce the amount of energy
released into the surrounding, which causes the erosion in the near metal boundaries, and reduces the
shock waves intensity. This work will present the experimental and numerical techniques used in
mitigating the effect of cavitation by aeration. The literature review will be presented focusing on the
available experimental work conducted on a Kaplan turbine. The reasons for that will be to use this
information as a base for the proposed work that will be presented at the end of this work. The proposed
work is aimed to be used in Haditha HPP, to reduce the high levels of structural vibration in the
generating units. The proposed work will include both experimental and numerical approach to
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investigate the effectiveness of air injection in the reduction of cavitation adverse effect in general and
specifically its effect on the vibration severity.

Air admission systems in conventional hydro turbine (Background):

Air introduced into hydro turbine flow for many reasons. Examples of some intended
application include the following [5]:

. Reducing the flow noise, which is the result of continues collapsing of cavities
. Reducing the erosion on the runner blade by reducing the cavitation

. Eliminating the helical (unsteady) flow pattern inside the draft tube

. Increasing the dissolved oxygen (DO) content in water

Choosing the right method for introducing the air into turbine flow is essential for the
effectiveness and cost of the aeration system, and for the integrity of the hydro unit in general.
Doerfler [5] presented several experimental results, for some studies, related to this subject. His
work aimed to provide a data for the optimal layout of Francis turbine aeration systems, from
technical and economic aspects. In this work, it was clear that changing the location of the
injected air, along with the draft tube, can provide different results about the mitigation of noise,
unsteady flow patterns, and cavitation impact on runner blades. The results of these experiments
show high effectiveness for the air when it been injected from the draft tube.

Doerfler explained some of the physical aspects behind the air injection techniques and why
it’s effective in mitigating cavitation adverse effects. Introducing air inside the flow will create
or enlarge cavities. The air injection will have two main effects: The flow will be more
compressible, and air will replace low-pressure areas inside the fluid flow. The effect of the
additional compressibility is to reduce the flow noise and the erosion effect on the runner blade.
The redution will happen by filling the cavities inside the flow with air instead of water vapour.
Air will prevent the instantaneous collapse of the cavities inside the flow. This will also be
beneficial in cushioning pressure shocks that happens during the transition between different
flows patterns inside the draft tube [5].

Reducing cavitation erosion in turbine components can contribute to the improvement

of hydropower generation. That’s why it was essential to investigate the effectiveness of air
injection on minimizing the metal erosion of the turbine parts, thus minimizing the high cost of
emergency and preventive maintenance conducted on turbine parts. Arndt et al. [6] presented
experimental work that was conducted on a hydrofoil, NACA 0015, which was intended to
measure the pit size on the ductile metal probe attached to the surface, and the rate of this pitting
at different cavitation index with flow velocity up to 20 m s-1. To measure the erosion severity,
the authors used two techniques; the first was to measure the pit size caused by erosion on the
surface of the foil. The second technique was intended to measure the rate of pitting indirectly
by measuring the impulsive pressure on the foil surface. The collected results showed that air
injection was very effective in reducing the erosion.
The full understanding of the exact mechanism of attenuation for noise, vibration, and erosion
due to air injection is important for the development of the aeration system. The main reason
for this attenuation comes from the fact that the existence of non-condensable gas, air, inside
the cavitation bubble reduces the rate at which the bubble will collapse [7]. A build-up of the
non- condensable gas at the interface will create a barrier that the water vapour must diffuse
through it to condense on the interface. This will cause additional cushioning of the bubble
collapse.
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Recently, Simo et al. [8] investigated the influence of non-condensable gas injection on
cavitation dynamics. The authors conducted experimental work using a wedge to investigate
this type of application, as illustrated in Figure 6. Gas was introduced from the wedge apex and
also injected into the mid of the cavity. The results showed that even a small amount of non-
condensable gas, injected into the shear layer of a partial cavity, will weaken the periodic nature
of the shedding cycle by reducing the vaporization rate of the fluid. This will reduce the void
fraction, thus reducing noise and pressure pulsations. This was not the case when the gas was
introduced into the mid of the cavity, as illustrated in Figure 7.
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Figure 6: Schematic of the experimental setup Simo et al. [8]. The red arrows indicate the apex and gas injection
locations.
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Figure 7: Void fraction with and without gas injection [8].
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Air injection has proven to have a potential in mitigating the effects of cavitation, as
shown in the above literature. However, its application in conventional hydro turbines is still
uncommon, and it has been mainly limited to Francis turbines. Recently, Rivetti et al. [9]
conducted an experimental work using air injection aiming to reduce tip cavitation adverse
effects in a Kaplan turbine model. The air was injected above the runner centre line using twenty
evenly spaced holes that provided with air from a manifold, as shown in Figure 3. The cavitation
was induced by manipulating the absolute pressure in the downstream tank, which give a range
of cavitation number from ¢ = 2.26 to 6 = 0.66.
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Figure 8: Air injection system on Kaplan model [9].

The result shows a very effective attenuation for the vibration level associated with tip
vortex cavitation. The reduction in vibration signals, collected locally by accelerometers,
reached up to 57% at some position on the model, Figure 9. The main parameter that should be
kept under control is the amount of the air injected into the flow. This can severely impact the
efficiency of the generating unit if it reached a high level. The authors kept this amount below
2% of the generating unit flow rate, which gave them a reduction in efficiency up to 0.7%. The
authors suggested that an increase of the injected will cause a dramatic decrease in the
efficiency, which is in agreement with Doerfler [5] recommendations.
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Figure 9: (a) Vibration (standard deviation st) vs cavitation number (c) without air; (b) Vibration with air
injection at constant 6. AC1 (accelerometer) location is below the injection plane; AC2 on the blade passage
plane; and AC3 at the draft tube inlet [9].
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Most of the work conducted to investigate the effect of aeration on the vibration
severity, and another adverse effect of cavitation in the conventional hydro turbine was
experimental rather than computational. This might be due to the complex nature of flow inside
the hydro turbine at off-design operation regimes and the unsteady turbulent flow nature that
comes with this kind of operation. Adding to that the process of injecting air inside the unit will
make the problem even more complex since it will make the flow a two-phase turbulent flow.
However, experimental studies can sometimes be very expensive, especially if it to be
implemented on a model, and in some cases, the result from the model will not be completely
valid for prototype [10]. That’s why accurate numerical simulations, using Computational Fluid
Dynamics (CFD) tools, are very useful for the understanding of flow characteristic inside the
hydro unit.

Cavitation and turbulent model is essential parts in getting accurate simulation results.
Cavitating flow inside the hydro turbine consists of two phases, the water, and the vapour phase.
For any CFD simulation to be realistic it should implement a cavitation model, or to be a two-
phase simulation [1], however a one phase model without cavitation can give a good insight
about the pressure fluctuations inside the unit [4]. When implementing cavitation model, the
transition from the fluid phase to vapour phase can be modelled, for a spherical bubble of radius
R(t), by using Rayleigh—Plesset equation (1), with the following procedure [1,7]:

t)-p, (t : g
Pe(t)-P. () _Ld°R 3(de ;i IR EO Y SN 0 %y 1

+_ —ail
oL dt> 2 dt R dt pR

Where:

Pe (t)is the internal bubble pressure

p, (t) the vapor pressure
Pec () the partial pressure of the non-condensable gas

content

p,, (t) the ambient pressure

o, the density of the surrounding liquid
R is the radius of the bubble

v, the kinematic viscosity of the surrounding liquid

S is the surface tension of the bubble

The above equation defines the dynamic of growth and decay of the bubbles in the fluid,
and its considered to be one of the most used equation for the modeling of complex real
cavitating flows, and its implemented under the two-phase framework as an interface mass
transfer model [10,11]. Simplification to the version of equation 1 is usually suggested and used
by many literature [1,7,10,11], which is:
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d_R_ gpv_p 2
dt 3 p

Equation 2 was a result of the assumptions: Pz = P, ; bubbles are filled with saturated

vapor continuously, and the second order derivative term, surface tension , viscous term are
abbreviated [1,7]. The void fraction can be expressed using the bubble radius R, and assuming
a uniform population of n, bubbles , as :

a:(nognRﬂf(l—l—nggnRS) 3
Then the above equations are solved together with the Navier-Stokes equations.

Turbulent model is essential when it comes to the simulation of the complex in hydro unit
[12]. The behaviour of the flow at the exit side of the runner and in the draft tube is complex,
and its need to be simulated with an accurate model to capture the pressure fluctuations at these
areas. The turbulent model will help in identifying the locations of sudden pressure drop,
possible cavitation locations, and the sudden pressure rise, bubble collapse. Many turbulent
models are available, and the choice should be based on the amount of accuracy vs. the
computational cost. A comparison of three turbulent models has been presented by Jost et al.
[10]. This work aimed to predict pressure fluctuations in the Francis turbine draft tube only.
This was done with cavitating and non-cavitating models and compared against experimental
work. Scale- Adaptive Simulation with Shear Stress Model (SAS-SST), Reynolds Stress Model
(RSM), and Large Eddy Simulation (LES) have been used in the numerical simulation. In this
work, the authors used the Rayleigh—Plesset model with the homogenous two-phase model,
which assumes that transported quantities are the same for the two phases. The result shows
that without cavitation model, the result of the three models showed no significant differences
in the accuracy. However, when the cavitation model was applied, LES showed higher accuracy
than the SAS-SST and RSM models, as shown in Table 1.

Table 1: Numerical and experimental results of pressure pulsation frequency and amplitudes [10].

Frequency [HZ] Position 1 App [%] Position 2 App [%]
Experiment 3.50 2.77 4.67
SAS-SST, cavitation not modeled 3.26 2.25 3.21
@-RSM, cavitation not modeled 321 2.57 3.23
LES Smagorinsky not modeled 3.12 2.32 2.96
SAS-SST, cavitation modeled 332 2.67 2.00
BSL-RSM, cavitation modeled Results too Results too irregular | Results too irregular

irregular

LES WALE, cavitation modeled 3.55 243 3.20
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Simulation of cavitating flow, for the entire Francis turbine components, was conducted
by Gonhil et al. [11]. The main aim was to investigate the effect of cavitation on the performance
of the Francis turbine. The authors used the homogenous multiphase model in the CFX
commercial code, with the Rayleigh-Plesset model. SST turbulence model has been
implemented for the turbulence analysis. The authors mentioned that they used the SST model
due to the combined advantageous features of k-¢ and k-o models. However, the result for the
hydraulic efficiency shows an error, which they indicate to be the result of the chosen model
shown in Figure 10.
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Figure 10: Comparison of performance predicted with CFD against experimental data [11].

When it comes to CFD analysis for turbines with an aeration system; very little work
has been conducted [1]. Most of the literature was focusing on understanding the flow pattern
inside the turbine passage with and without cavitation models. Yu et al. presented a numerical
simulation for a Francis turbine with an aeration system [12]. In this work, the authors
conducted a three-dimensional unsteady turbulent flow simulation for the entire passage of a
Francis model. The simulation based on homogenous flow assumptions. The aim was to
investigate the pressure fluctuation caused by vortex rope, and also the effect of air admission
on pressure fluctuations in the draft tube. In the simulation, the author implemented the
turbulent model by using both Reynolds-averaged Navier— Stokes (RANS) equations as well
as the SST turbulence model. The results show that air injection with a suitable amount of air
can dampen the vortical flow and alleviate the pressure fluctuation in the turbine draft tube, as
shown in Figure 11.
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Figure 11: Contours of vortex dilation (left), and Pressure distributions with different air admission[12]:(a)
Qair=0,(b)Qair=0.5%, (c) Qair =1%,(d)Qair =2%, (e)Qair =3%, (f)Qair =4% .

Proposed Work:

It has been shown in the air admission system background, that this area is still not fully
investigated. Even the few research that was conducted in this area was done on Francis
turbines. However Kaplan turbine is still not getting enough work [1, 11]. Therefore, more
investigation is needed to understand the effect of an aeration system in the reduction of
vibration and another adverse effect of cavitation in Kaplan turbines. This work propose to
investigate the effectiveness of pressurized air injection technique, in alleviating the high levels
of both vibration and noise in Haditha HPP Kaplan turbine. The technical specifications are
shown in Table 2, and Figure 12. The proposed work will be consisting of two parts: an
experimental and numerical investigation.

Table 2: Haditha HPP Technical Specifications.

Haditha HPP Technical Specifications

Operating Head:

Hmax=46.6m .......................................... Hmin:18m
Unit Flow Rate:
Q @Hmax=259 M3/S€C. ... oot Q @ Hmin=223 m*/sec
Power:
Pmax=1 L0 MW . e Pmin:33.5 MW
Runner Diameter=6600mm Type of Turbine:6-K-50
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Figure 12: As-Built drawing of Haditha HPP. Image courtesy of Ministry of Electricity\lraq.

Proposed Experimental Work:

The general components of the proposed experimental work are shown in Figure 13.
Unlike previous experimental works, shown in the background part, the air will be injected
from two locations: a synchronous condenser existing aeration system, and turbine discharge
ring custom made holes. A second air injection location will allow the experiment to be
conducted with the flexible setting, with more control over the amount and location of the
injected air. This addition will not increase the cost of the experiment because Haditha HPP has
an existing air injection system; that was originally intended to be used when operating the unit
as a synchronous condenser. The number of the custom-made holes should be increased as
much as possible to have a better airflow distribution, which would lessen the amount of air
required.

Condition monitoring system will be used to monitor the necessary operational
parameters like pressure, vibration levels, and noise. Two sets of data will be collected, one
without any air admission, the other with air admission. These two sets will then compare
against each other to see the effect of the different air quantity and location combinations on
the above measured operational parameters. As mentioned before the amount of air will hurt
the efficiency of the unit. Thus, to be able to monitor this factor; all the experimental work will
be conducted while the turbine in off- cam operation mode, which is eliminating the governor
system from manipulating the runner and wicket gate opening. This will allow the collected
data to reflect the effect of the air amount on the generating output of the unit.
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Figure 13: Schematic diagram of the proposed experimental work, showing the condition monitoring system
components and air admission locations.

Proposed Numerical Work:

In the numerical work, a CFD simulation will be conducted. Due to the complex nature of
the flow inside the hydro unit, adding to that the admission of air inside the flow domain; a
three-dimensional two-phase flow model is proposed to be used in the simulation of flow inside
the hydro. The CFD model that will be used in this study will be using the Rayleigh-Plesset
equation for cavitation modeling. LES turbulent model will be implemented as a turbulent
model since it shows much better results in capturing the 3D flow structures. The wall-adapted
local eddy- viscosity model (WALE) will be applied as the subgrid-scale (SGS) model in the
LES, this will be used to model scales that is less than the grid size. This choice is because this
model does not need any wall damping, and because it will not implement any wall functions
that will affect the accuracy of the model near the boundaries i.e. the runner and draft tube
walls. This fact will be very important to the accuracy of the simulation, since we are very
interested in the flow patterns near the wall of turbine different components, especially the draft
tube wall. The main aim of the CFD simulations will be to compare the computed pressure
fluctuation (low and high regions) inside the flow domain with the ones obtained from the
experimental work.

Conclusions

The blade tip vortex cavitation that builds up at Kaplan turbine is one of the major factors
behind the increased levels of structural vibration and hence degradation if the mechanical parts
of the hydro unit. Different techniques have been used and proposed over the years to mitigate
the adverse effect of unit cavitation. In this work the air and water injection techniques have
been reviewed and discussed aiming to present a solution for the ongoing mechanical
equipment failure in Haditha hydropower plant. The reviewed studies indicated clearly that air
admission system implementation in Kaplan turbine is very promising in alleviating the
pressure fluctuations inside the unit and the draft tube. This result is reduction in the adverse
effects associated with the cavitation without sacrificing the generating capacity of the unit. In
this work experimental and numerical approaches were proposed to use air injection in Haditha
plant Kaplan turbine to make use of this techniques to give an option for eliminating the ongoing
issues in the plant turbines. Condition monitoring system must be used to monitor the required
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functional parameters like pressure, vibration noise and levels. This approach can help in saving
millions of dollars in emergency maintenance and unit outage that is currently lost in the plant
to deal with this issue.
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OZET

165 yil once, Alman kimyact Hermann karben alaninda ¢alisan ilk bilim insanidir [1]. 1991
yilina geldigimizde Arduengo’nun ilk kararli N-heterosiklik karbeni (NHC) kristal halde izole
etmesi ile bu alandaki arastirmalar daha da 6nem kazanmistir [2]. NHC’lerdeki siibstiitientlerin
degisebilmesi ile yapinin elektronik ve sterik ozellikleri ayarlanabilmektedir. Bu molekiiler
dizayn, uygulama alaninda bize istedigimiz yonde avantaj sunabilmektedir. Ornek verecek
olursak; polar ¢6zgen kullanilarak yapilan katalitik reaksiyonlarda kompleksin ¢oziiniirligiini
artiracak guruplarin yapiya eklenmesi reaksiyon sartlarinin ilimanlagmasina yardimci olacaktir.
NHC’ler metaller ile yapmis oldugu baglarda iyi elektron verici yapilar oldugundan dolay1
metal-karben bagin1 kuvvetlendirmektedir. Bu bag kuvveti yapiy1 kararli kilmakta ve yap1 ne
kadar kararli olur ise tepkime ortaminda bozulmadan daha fazla kalabilmektedir. Karbenlerin
ozellikle gecis elementlerinin bir¢ogu ile kararli kompleksler olusturmaktadir. NHC’lerin
literatiirde en ¢ok Ag, Au, Cu, Co, Fe, Ir, Pd, Pt, Ru, Rh metalleri ile kompleks olusturdugunu
gormekteyiz [3-4].

Organik reaksiyonlarda katalizor olarak kullanilmaya baslayan karben kompleksleri
gliniimiizde; farmasdtik kimyada antimikrobiyal ve antikanser ajani, supramolekiiler yapilarda,
liiminesans maddelerde, iyonik sivilarda ve MOF yapilar1 gibi daha sayamadigimiz birgok
alanda uygulama alan1 bulabilmektedir.

R R
N DCM N
©: )X+ AgO — )—Ag-X
N + 24h, It N +
\ dark .
R, R,

Bu c¢aligmada bir seri benzimidazolyum tuzu sententezlendikten sonra Ag-NHC
kompleksleri hazirlanmistir. Bu  sentezlenen giimils komplekslerin yapilar1  uygun
spektroskopik yontemlerle aydinlatilmistir.

Anahtar Kelimeler: Giimiis, Karekterizasyon, NHC, NMR.
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1. GIRIS

165 yil dnce, Alman kimyact Hermann karben alaninda ¢alisan ilk bilim insanidir [1]. 1991
yilina geldigimizde Arduengo’nun ilk kararli N-heterosiklik karbeni (NHC) kristal halde izole
etmesi ile bu alandaki arastirmalar daha da 6nem kazanmistir [2]. NHC’lerdeki siibstiitientlerin
degisebilmesi ile yapinin elektronik ve sterik ozellikleri ayarlanabilmektedir. Bu molekiiler
dizayn, uygulama alaninda bize istedi§imiz ydnde avantaj sunabilmektedir. Ornek verecek
olursak; polar ¢dzgen kullanilarak yapilan katalitik reaksiyonlarda kompleksin ¢oziiniirligiinii
artiracak guruplarin yapiya eklenmesi reaksiyon sartlarinin ilimanlasmasina yardimci olacaktir.
NHC’ler metaller ile yapmis oldugu baglarda iyi elektron verici yapilar oldugundan dolay1
metal-karben bagini1 kuvvetlendirmektedir. Bu bag kuvveti yapiy1 kararli kilmakta ve yap1 ne
kadar kararl1 olur ise tepkime ortaminda bozulmadan daha fazla kalabilmektedir. Karbenlerin
ozellikle gecis elementlerinin birgogu ile kararli kompleksler olusturmaktadir. NHC’lerin
literatlirde en ¢cok Ag, Au, Cu, Co, Fe, Ir, Pd, Pt, Ru, Rh metalleri ile kompleks olusturdugunu
gormekteyiz [3-8].

Organik reaksiyonlarda katalizor olarak kullanilmaya baslayan karben kompleksleri
giliniimiizde; farmasdtik kimyada antimikrobiyal ve antikanser ajani, supramolekiiler yapilarda,
liminesans maddelerde, iyonik sivilarda ve MOF yapilar1 gibi daha sayamadigimiz birgok
alanda uygulama alani bulabilmektedir.

Cis-platin1845 yilinda Michele Peyrone tarafindan sentezlendiginde antikanser 6zelligi
bilinmiyordu [9]. 1969 yilinda Barnett Rosenberg’in cis-platinin antikanser 6zelliginine sahip
oldugunu bilim diinyasina kazandirmasi ile antikanser alaninda metal tabanli ilaglarin
gelistirilebilmesinin ilham kaynagi oldu [10]. Cis-platin ilk kullanilan antikanser ajani olmasi
sebebi ile birtakim eksikleri de bulunmaktadir. Biitliin kanser hiicrelerinde aktif olmamalari,
tedavi sirasinda norotoksisite, nefrotoksisite, mide bulantis1 ve kemik iligi bozukluklar1 gibi
yan etkilerde gdstermektedir. Ilag konsantrasyonunun azaltilmasi ve yavas uygulanmasi bazi
yan etkilerin azaltilmasina yardimci olmaktadir. Bu eksiklikler beraberinde farmasdtik alanda
yeni nesil platin komplekslerinin ve diger metal komplekslerinin gelistirilmesinde Oncii
olmustur.

Ozellikle son yirmi yil1 inceledigimizde Ag-NHC’lerin antimikrobiyal ve antikanser
alaninda yogun bir ¢alisma yapildigin1 goérmekteyiz. Giimiig-karbenler antikanser tedavide
kullanildiginda diisiik toksisite, yiiksek segicilik, daha az yan etki, diisiik doz ve kuvvetli Ag-
NHC baglarindan 6tliri hedef hiicrede daha fazla bozulmadan kalabilmesi avantaj
saglamaktadir. Avantajlarda beraberinde ¢aligma alanindaki cazibeyi artirmaktadir.

Sonug olarak; bu ¢calismada bir seri benzimidazolyum tuzu sententezlendikten sonra Ag-

NHC kompleksleri hazirlanmigtir. Bu sentezlenen glimiis komplekslerin yapilari uygun
spektroskopik yontemlerle aydinlatilmistir.
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2. DENEYSEL CALISMALAR

2.1. Yontem

Sentezlenen bilesikler havanin nemi ve oksijenine karsi hassas olmalarindan biitlin
deneyler inert atmosferde yapilmistir. Giimiis kompleksleri sentez asamasinda 1s18a duyarh
oldugundan karanlik ortamda sentez ger¢eklestirilmistir. Tepkimede kullanilan cam
malzemeler kullanilmadan 6nce vakum altinda 1sitilarak igerisindeki hava ve nem uzaklastirilip
inert gaz ile doldurularak inert atmosfer olusturulmus ve reaktifler kullanilmadan once
literatiirde verilen yontemler esas alinarak kurutulup inert ortamda saflastirildiktan sonra
kullanilmastir [11].

Tepkimede kullanilan reaktiflerin bir kismi laboratuarimizda sentezlenirken bir kismi
da ticari olarak satin alindi. Ticari olarak satin alinan reaktifler ve ¢oziiciiler: Benzimidazol,
benzil kloriir, bromometilsiklohekzil, 2,3,4,5,6-pentametilbenzil kloriir, AgoO, NaH, N,N-
dimetilformamit dimetilasetal, toluen, heksan, tetrahidrofuran (THF), dimetilformamit (DMF),
diklormetan, dietil eter Aldrich ve Merck firmalarindan temin edilmistir.

NMR spekturumlar1 Bruker Ultra Shield 300 MHz NMR’sinde Inonii Universitesi
Merkezi Arastirma Laboratuarinda alinmistir.

2.2. Sentez Yontemi

2.3. 1-Siklohekilmetilbenzimidazol Sentez Yontemi

H

N 1. NaH N
% — Y

N 2. Metilsiklohekzil Bromiir N

3. Refluks

Sema 1. Siklohekzilmetilbenzimidazol sentezi

Hava ve nemi vakumda isitilarak alinan Schlenk’e yagi hekzan ile yikanip alinmis
sodyum hidriir (0.23 g, 10 mmol) konuldu. Uzerine THF (15 mL) eklendi. Oda sicakliginda
karistirilan ¢ozeltiye benzimidazol (1.18 g, 10 mmol) yavasca eklendi ve gaz ¢ikisi gozlendi.
Benzimidazol tamamen bittikten sonra yarim saat oda sicakliginda karistirildi ve iizerine
siklohekzilmetil bromiir (1.94 g, 11 mmol) eklendi. Bir gece oda sicakliginda karistirildiktan
sonra ii¢ saat su banyosu sicakliginda refluks edildi. THF vakumda ¢ekildi, diklormetan (15
mL) eklendi ve filtreden siiziildii. Uriin diklormetan/dietil eterde kristallendirildi. Verim: %93
(1.80 g).
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2.4. Benzimidazolyum Tuzlarimin Sentezi

N R-Br 12h, 80 °C

10 mmol 11 mmol
(CLe
N+
1b

Sema 2. Benzimidazolyum tuz sentezi

\\© N -
N Ar-Br DME /> Br
=
/> + or NA
N

2.5 1-Siklohekzilmetil-3-benzilbenzimidazolyum Kloriir sentezi, 1a;

la Bilesigi 1-siklohekzilmetilbenzimidazol (2.15 g, 10 mmol) bilesigi bir shclenk
igcerisinde 10 mL DMF iyice ¢oziildiikten sonra iizerine yavasca benzil kloriir (1.39 g, 11 mmol)
eklendi. Oda sicakliginda bir saat karistirildiktan sonra 80 °C’de 12 saat 1sitildi. Oda 1sisina
ulastiktan sonra reaksiyonumuzun iizerine eter eklenerek kati kisim ¢oktiiriildii. Elde edilen kat1
kisim etanol/eter kariliminda kristallenmeye birakildi. Elde edilen kati eterde yikandiktan sonra
vakumda kurutuldu. Verim: % 93 (3.17 g).

2.6. 1-Siklohekzilmetil-3-(2,3,4,5,6-pentametilbenzil)benzimidazolyum kloriir sentezi, 1b;

1b Bilesigi 1-siklohekzilmetilbenzimidazol (2.15 g, 10 mmol) ile 2,3,4,5,6-
pentametilbenzil klortir (4.34 g, 11 mmol) etkilestirilerek 1a bilesine benzer sekilde
sentezlendi. Verim: % 96 (3.95 g).

2.7. 1,3-Bis(siklohekzilmetil)benzimidazolyum Bromiir sentezi, 1c;
1c Bilesigi 1-siklohekzilmetilbenzimidazol (2.15 g, 10 mmol) ile metil iyodiir (2.37 g,
11 mmol) etkilestirilerek 1a bilesine benzer sekilde sentezlendi. Verim: % 90 (3.52 g).
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2.8. Giimiis Komplekslerinin sentezi

N'Rl DCM N'Rl
- Dark
©: D)X+ AgO - ©: )—Ag-X
I\{ + Rt, 24h T\{ +
R, R,
1 mmol 1.1 mmol

e g (1 VT e e
2a \\© 2b 2 \\O

Sema 3. Ag-NHC sentezi

2.9. Kloro [1-Siklohekzilmetil-3-benzilbenzimidazol-2-iliden] giimiis (I), C21H24N2CIAg, 2a

la tuzu (Immol) ile Ag20 (Immol) inert atmosfer altinda 10 mL kuru DCM ile
¢oziindiikten sonra oda sicakliginda 24 saat karanlik ortamda tepkimeye birakildi. Tepkime
bittikten sonra selitli filitreden siiziilen kissm DCM/Eter ortaminda kristallenmeye birakildi.
Elde edilen kat1 eterde yikandiktan sonra vakumda kurutuldu. Verim: % 85 (0.38 g).

2.10. Kloro [1-Siklohekzilmetil-2,3,4,5,6-pentametilbenzilbenzimidazol-2-iliden] giimiis
(1), C26H32N2ClAg, 2b

1b tuzu (Immol) ile Ag2O (Immol) inert atmosfer altinda 10 mL kuru DCM ile
¢oziindiikten sonra oda sicakliginda 24 saat karanlik ortamda tepkimeye birakildi. Tepkime
bittikten sonra selitli filitreden siiziilen kissm DCM/Eter ortaminda kristallenmeye birakildi.
Elde edilen kat1 eterde yikandiktan sonra vakumda kurutuldu. Verim: % 91 (0.47 g).

2.11. Bromo [1,3-Bissiklohekzilmetilbenzimidazol-2-iliden] giimiis (I), C21H30N2BrAg, 2c

1c tuzu (Immol) ile Ag2O (Immol) inert atmosfer altinda 10 mL kuru DCM ile
¢oziindiikten sonra oda sicakliginda 24 saat karanlik ortamda tepkimeye birakildi. Tepkime
bittikten sonra selitli filitreden siiziilen kissm DCM/Eter ortaminda kristallenmeye birakildi.
Elde edilen kat1 eterde yikandiktan sonra vakumda kurutuldu. Verim: % 83 (0.41 g).
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3. ARASTIRMA BULGULAR VE TARTISMA
3.1. Kloro [1-Siklohekzilmetil-3-benzilbenzimidazol-2-iliden] giimiis (I), 2a

2
N
1)—Ag-Cl
N+
| X’/ |"'
| | '
/ |
) U}! 11 ’l _JL, - A fl A
10 8 8 7z e AN R S T e o<
ar E |y ‘=8
Nl Ml L Ll l& J 1
' 1 8'0 1 éo 14‘0 ’ 1 io ’ R DO nvn - ﬂ.() ‘ 4‘0 - 20 o ';pl“
Sekil.1. 2a bilesigine ait *H ve *C NMR grafikleri
Cizelge.1. 2a bilesigine ait *H ve *C NMR verileri
Konum 'H NMR (8 ppm) BC NMR (8 ppm) J (Hz)
1 - 189.5 -
2 4.36 (d, 2H) 52.2 5.1
3 1.04-1.95 25.6, 26.2, 30.8 -
4 5.76 (s, 2H) 55.0 -
5-6 7.27-7.87 (m, 9H) 112.8, 113.0, 124.5, 127.7, 128.5, -
129.3, 133.7, 134.3, 136.8
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3.2. Kloro [1-Siklohekzilmetil-2,3,4,5,6-pentametilbenzilbenzimidazol-2-iliden] giimiis
(1), 2b

2
N
I p—Ag-Cl
N+ |5
4 6
2b
g 7
6
K;’ A‘v‘ “
— Al x Ju _ .‘AJ,:\ ‘r‘khl .A\
10 e s 7 e s i s e © pem
e =3 53 g g 5
| ||
L L L 3
1 éo al ;O o k] ﬁu + (3)0 n; GO 40 2—0 )’

Sekil.1. 2a bilesigine ait H ve 13C NMR grafikleri
Cizelge.1. 2a bilesigine ait 'H ve *C NMR verileri

Konum IH NMR (8 ppm) 13C NMR (8 ppm) J (Hz)
1 - - -
2 4.19 (d, 2H) 47.9 3.6
3 1.02-1.72 (m, 11H) 25.6, 26.0, 31.0, 38.2 -
4 5.49 (s, 2H) 66.6 -
5 2.21 (s, 6H) 17.2 -
6 2.14 (s, 6H) 17.2 -
7 2.27 (s, 3H) 17.4 -
8 7.28-7.47 (m, 4H) | 111.4,111.7,123.9, 124.2, 126.6, -
133.0, 134.2, 134.5, 137.2
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3.3. Bromo [1,3-Bissiklohekzilmetilbenzimidazol-2-iliden] giimiis (I), C21H30N2BrAg, 2c

|
. ()
N
@ 1/>—Ag-Br -
N+ (
2K® |
2¢ ‘

1
|
— — ) [ S i A S S
2 a1 e e s 7 e & 4 3 2 4 o pom
8 g % 5
' |
‘) \
1
) 1
‘l‘no 10 140 L 20- hl 60 80 _ ;o——‘-o— z‘n o P pm
Sekil.1. 2a bilesigine ait *H ve 13C NMR grafikleri
Cizelge.1. 2a bilesigine ait *H ve 3C NMR verileri
Konum 'H NMR (8 ppm) 13C NMR (5 ppm) J (H2)
1 - - -
2 4.20 (d, 4H) 55.7 3.6
3 1.02-1.96 (m, 22H) 25.4,25.6, 26.0, 31.1, 38.3 -
4 7.24-7.48 (m, 4H) 111.8, 123.9, 134.0 -
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4. SONUCLAR VE DEGERLENDIRME
Sentezlemis oldugumuz benzimidazol dnciilii, benzimidazolyum tuzlar1 ve giimiis
kompleksleri literatiire uygun olarak sentezlenmis ve yapisi basari ile aydilatilmistir.

5. GENEL DEGERLENDIRME VE SONUCLAR

NHC’ler organometalik kimya ve katalizde en 6nemli ligantlardan biridir. Ciinkii,
katalizde gostermis oldugu fistiin basar1 hala artarak devam etmektedir. Cis-platin’in
antikansorojen ajan olarak kullanilmaya baslanmasi ile metallerin bu alanda kullanilmasinin
onti agilmistir. Gegen 20 yilda Ag-NHC komplekslerinin antikansorojen ve antimikrobiyal ajan
olarak daha iistlin basar1 sergiledigini gérmekteyiz.

Bu calismada N-siibstitiiye benzimidazolyum (la-C) tuzlar1 sentezlenerek yapilari
spektroskopik yontemlerle aydinlatildi. Yapilart aydinlatilan bu benzimidazolyum tuzlarinin
giimiis karben kompleksleri (2a-C) literatiire uygun bir sekilde sentezlendi ve yapisi uygun
spektroskopik yontemle aydinlatildi.

Sentezlenen bu giimiis karben kompleksleri; antikansorojen ve antimikrobiyal olarak
arastirtlacaktir. Transmetalosyon yontemi kullanilarak olusturulacak bu yeni Pd, Ru, ve Au
komplekslerinin katalitik, antimikrobiyal ve antikanser 6zellikleri arastirilacaktir.
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