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OZET
Doktora Tezi

BALIK CIFTLIKLERI iCiN GUNES ENERJILi HAVALANDIRMA SiSTEMINIiN TASARIMI
VE PROTOTIP iIMALATI

Yohannes Berhane GEBREMEDHEN

Ankara Universitesi
Fen Bilimleri Enstitiisii
Tarim Makinalar1 ve Teknolojileri Miihendisligi Anabilim Dali

Danisman: Yrd. Do¢.Dr. Mehmet Ali DAYIOGLU

Tiirkiye i¢ sularinda yapilan su iriinleri iretiminde balik Oliimlerinin temel nedeni ¢oziinmiis oksijen
yetersizligidir. Sudaki ¢ozliinmils oksijen eksikligi sabaha karsi ve beslenme sirasinda olugmaktadir. Sudaki
¢Oziinmiis oksijen seviyesi azaldikca, baliklarin solunum ve beslenme etkinlikleri, biiylime hiziyla birlikte
azalmakta ve baliklar hastaliklara karsi daha hassas olmaktadir. Su driinleri yetistiriciliginde kullanilan
havuzlar genellikle elektrik hatti olmayan uzak alanlarda bulunmaktadir. Balik ciftlikleri i¢in alternatif enerji
kaynagi olarak giines enerjisi sistemleri kullanilabilir.

Bu tezin amaci, balik ciftlikleri i¢in gilines enerjisi ile ¢alisan prototip bir havalandirma sistemi tasarlamak ve
imal etmektir. Sistem karmasik mekanik sistem, kullanmadan hidrodinamik ilkelere dayali olarak, yenilik¢i
venturi enjektdr diizenlemesiyle tasarlanmistir. Sistem model ve deneylerden alinan sonuglara gore
gelistirilmigtir. En uygun venturi biiyiikligii ve diizenlemesi, difiizor boyutu ve meme ¢ap1 hava-su akis
testlerine gore belirlenmistir. Balik havalandirma sistemi i¢in iki prototip, Prototip I ve Prototip II
gelistirilmistir. Havalandirma sisteminde 1 x %4 x 1” venturi enjektorler kullanilmigtir. Havalandirma sistemi;
dalgic pompa, boru ve armatiirlerle baglanan venturi enjektorler, galvaniz celik sasi lizerine yerlestirilmis PV
giines panelleri, jel akiiler, sarj kontrol cihazi, pompa kontrol cihazi, oksijen sensorii, su sicaklik sensorii ve
otomatik kontrol biriminden olusmaktadir. Prototip I’de 150 W’lik seri baglanmis iki mono-kristal giines paneli
24 derecelik egim acisiyla giineye bakacak sekilde yerlestirilmistir. Giines paneli, kontrol panosu ve akiiler
sabittir. Prototip II’de sistemin tiim bilesenleri yilizer platform {lizerine yerlestirilmistir. 245 W’lik poli-kristal
giines paneli yiizer platformun {izerindeki sasiye yatay olarak baglanmistir. Her iki prototipte giines
panellerinden toplanan enerji 12 V @ 100 Ah kapasiteli iki jel akiide depolanmigtir.

Gelistirilen havalandirma sisteminin performans parametreleri degisken durumlu ASCE prosediiriine gore
belirlenmistir. 300 W’hk nominal giigte havalandirma sisteminin oksijen transfer katsayis1 5.55 h™* *dir. %70,
%80 ve %90 oksijenle doyma seviyeleri igin gegen zaman sirasiyla 20, 21 ve 28 dakikadir. ASCE tarafindan
kabul edilen standart oksijen transfer hizi (SOTR), standart havalandirma etkinligi (SAE) ve standart oksijen
transfer etkinligi (SOTE) havalandirma sisteminin farkli gii¢ tiiketimleri igin saptanmigstir. En iyi SOTR, SAE
ve SOTE degerleri sirasiyla 0.197 kgO,/h, 0.96 kgO,/kWh ve % 10.7°dir. Bir saatte 2.1 kg oksijeni emme
yetenegine sahip olan havalandirma sistemi suya ¢dziinmiis olarak bir saatte 0.2 kg oksijen transfer etmektedir.
Havalandirma sistemi nominal giigte calistirilirken 1 kg oksijen transfer etmek icin 6 MJ enerji tiiketmistir.
Havalandirma sisteminin otomasyonu Arduino gelistirme karti, DO ve su sicaklik sensorleri ile saglanmustir.
Prototip II havalandirma sistemi Ankara Universitesi Cifteler Su Uriinleri Arastirma ve Uygulama Isletmesi
alabalik havuzlarinda basarili sekilde test edilmistir.

Mayis 2016, 114 sayfa

Anahtar Kelimeler: Havalandirma sistemi, Su {riinleri yetistiriciligi, Coziinmiis oksijen konsantrasyonu,
Giines enerjisi, Otomatik Kontrol.



ABSTRACT

Ph. D. Thesis

DESIGN AND CONSTRUCTION OF A SOLAR POWERED AERATION SYSTEM FOR FISH
FARMS

Yohannes Berhane GEBREMEDHEN

Ankara University
Graduate School of Natural and Applied Sciences
Department of Agricultural Machinery and Technologies Engineering

Supervisor: Asst. Prof. Dr. Mehmet Ali DAYIOGLU

The main cause of fish deaths in the inland water aquaculture in Turkey is usually the lack of dissolved oxygen.
The dissolved oxygen deficiency of water occurs usually at dawn and during feedings. As dissolved oxygen
level in water decreases, the respiration and feeding activities of fishes, as well as growing rate decrease, and
they become more susceptible to diseases. Artificial aeration systems are required for sustainable fish
production. Fishponds used in aquaculture are usually located in remote areas where grid electric supply lines
do not exist. Solar energy systems can be used as an alternative energy for fish farms.

The objective of this dissertation is to design and construct a prototype aeration system that will be driven by
PV solar electricity for fish farms. The system was designed with an innovative arrangement of venturi
injectors based on hydrodynamic principles without complex mechanical components. The system was
developed based on theoretical fundamentals and findings obtained from modeling and experimental works.
The best venturi size and arrangement, and diffusor size and nozzle diameter were determined from water-air
flow tests. Two prototypes namely, Prototype | and Prototype Il were developed for aquaculture aeration
system. Venturi injectors of 17 x 34” x 1” were used in the aeration system. The aeration system consists of a
submersible pump, venturi injectors that are connected to pipes and fittings, PV panels that are mounted on
galvanized steel frames, battery, charge controller, pump controller, oxygen sensor, water temperature sensor,
data acquisition and automatic control units. In Prototype I, two mono-crystalline solar panels with 150 W
connected in series were placed facing south with a tilt angle of 24 degree. The other components including
solar panel, control box and batteries are stationary. In Prototype Il, all components of the system were placed
on a floating platform. A poly-crystalline solar panel of 245 W was horizontally attached to a frame on the
floating platform. The energy collected by the panels was stored in two gel batteries of 12 V @ 100 Ah
capacities for both Prototypes.

Performance parameters of the aeration system were determined according to non-steady state ASCE
procedures. Oxygen transfer coefficient of aeration system at nominal power of 300 W is 5.55 1/h. The times
elapsed for saturations of 70%, 80% and 90% are 20, 21 and 28 minutes, respectively. Performance parameters
including standard oxygen transfer rate (SOTR), standard aeration efficiency (SAE) and standard oxygen
transfer effectiveness (SOTE), which are defines by ASCE, were determined for different power consumptions
of the aerator. The highest SOTR, SAE and SOTE values of the venturi aeration system are 0.197 kgO,/h, 0.96
kgO,/kWh and 10.7%, respectively. The aeration system which is capable of sucking 2.1 kg oxygen per hour
transfers 0.2 kg of oxygen per hour as dissolved from into water. The aeration system consumes an energy
amount of 4.2 MJ to produce one kg of oxygen when operated at optimum power. The automation of the
aeration system is provided by an Arduino development board, DO and water temperature sensors. Prototype Il
was successfully tested in trout fish farm at Cifteler Aquaculture Research and Development Unit of Ankara
University.

May 2016, 114 pages
Key Words: Aeration system, Aquaculture, Dissolved oxygen concentration, Solar energy, Automatic control
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1. INTRODUCTION

Aquaculture and capture fishing supply the world about 154 million tonnes of water
products, of which 131 million tonnes is used as food. World fish food supply has
grown dramatically in the last five decades, with an average growth rate of 3.2 percent
per year in the period 1961-2009, more than the 1.7 percent per year in the world’s
population growth. Unlike ocean and sea captures, the cage aquaculture sector has
grown very rapidly during the last 20 years and is growing rapidly due to the

globalization and a growing demand for water products (Anonymous 2014).

Fish production in Turkey has grown from 118 277 tonnes in 2005 to 235 133 tonnes in
2014. Fish production during the last 10 years (2005 - 2014) in Turkey is as shown in
table 1.1 (Anonymous 2015). From table 1.1, it can be seen that the cage culture has
been grown from 48 033 tonnes in 2005 to 107 533 tonnes in 2014.

According to Coskun 2014, fish deaths do occur due to shortage of dissolved oxygen in

fish cage farms in Turkey.

1.1 Dissolved Oxygen

Dissolved oxygen (DO) is one of the most critical water quality indicators in
aquaculture because it influences the living conditions of all aquatic organisms that
require oxygen. DO is crucial for fishes, most animals, phytoplankton and plants in the

aquatic system.

The atmosphere contains about 21% oxygen. At standard atmospheric pressure (101.325
kPa), the pressure of oxygen in air is 21.28 kPa (101.325 x 0.21). The pressure of
oxygen in air drives oxygen into water until the pressure of oxygen in water is equal to
the pressure of oxygen in air. This equilibrium state is known as saturation (Boyd

1998). Although the atmospheric air contains 21% oxygen, there is slightly low soluble



oxygen in water. DO is usually expressed in milligrams per liter (mg/L), parts per

million (ppm), or percentage of saturation.

Table 1.1 Turkey’s water products production [x1000] (tonnes) (Anonymous 2015)

Type of fish 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Total 118.277 | 128.94 | 139.87 | 152.19 | 158.73 | 167.14 | 188.79 | 212.41 | 233.39 | 235.133
Cage
Trout- 48.033 56.03 | 58.43 | 6593 | 75.66 | 78.17 | 100.24 | 111.34 | 122.87 | 107.533
Rainbow
Trout salmon 0.45
Trout carp 0.57 0.67 0.6 0.63 0.59 0.4 0.21 0.22 0.146 | 0.157
Sturgeon - - - - - - - - - 0.017
Tilapia - - - - - - - - - 0.032
Frog - - - - - - - - - 0.05
Sea
Trout- 1.249 1633 | 2.74 2721 | 5229 |7.079 |7.697 |3.234 |5186 | 4.812
Rainbow
Trout salmon 0.798
Bream 27.634 28.463 | 335 31.67 | 28.362 | 28.157 | 32.187 | 30.743 | 35.701 | 41.873
Perch 37.29 38.408 | 41.9 49.27 | 46.554 | 50.796 | 47.013 | 65.521 | 67.931 | 74.653
Fangri - - - - - - - - - 0.106
Corb = - - 3 = = - - - 0.039
Regius 3 = - - 3 - - 3 - 3.281
Sinarit - - - - - - - = - 0.113
Black eye - - - = - - = - - 0.008
Pagry - - - - - - - - - 0.075
Tuna - - - - - - - - - 1.136
Mussel 15 1545 |11 0.196 | 0.089 | 0.34 0.005 | - - -
Others 2 22 1.6 1772 | 2247 | 2201 | 1442 | 1364 | 1575 | -

At sea level, typical DO concentration in saturated fresh water ranges from 14.6 mg/L

(or 14.6 ppm) at O degrees Celsius to 7.54 mg/L at 30 degrees Celsius (Lawson 2002).
The effect of DO on fish life is given in figure 1.1 (Lawson 2002). It is difficult to

specify critical DO concentrations according to fish species because of physiological

effects. However, as illustrated in figure 1.1, generally, fish feed best, grow fastest, and

are healthiest when DO concentrations are above about 5 mg/L (Parker 2012).

The availability of DO frequently limits the activities and growth of aquatic animals.

Fish deaths can result from a variety of causes but the most common are weather, fish

population, pond vegetation, and the interaction of two or more causes. The critical

parameter of these scenarios is oxygen level.
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Figure 1.1 Effect of DO level on fish life (Lawson 2002)

Generally, the common causes of oxygen depletion can be listed as follows:

Oxygen produced during the day may not be enough at night
Sudden death of algae

Algae decay consumes oxygen

Less windy days reduce the diffusion of air from the atmosphere
Ice cover during winter

The number of fish in a pond

Shading of the lower depth by algae

Lower water transparency

Turnover (mixing of the upper and bottom layers of the pond/lake).

Low DO concentration levels affect food intake, food conversion rate and yield. A

concentration of 4 to 5 mg/L of DO is recommended for good fish health.

Concentrations between 2 and 4 mg/L cause stress and a concentration of DO below 2

mg/L results in death of fish (Jensen et al. 1989). The relation of DO with growth rate,

food conversion and mortality of fish is given in figure 1.2 (Mallya 2007).
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Figure 1.2 Effect of DO on fish growth rate, mortality and feed conversion (Mallya
2007)

The least oxygen concentration in ponds occurs at down specifically between 3 am and
6 am. In addition, most oxygen problems occur from June to September due to the fact
that respiration rate of both animals and plants increases with temperature. The typical
DO concentration variation in a pond for 24 hours is given in figure 1.3 (Floyd 2011).

DO measurements are carried out mainly by three methods: iodometry, electrochemistry
and optic. lodometry is a method based on chemical principles and it is of high
accuracy. However, this method is time-consuming and prone to cause secondary
pollution. Therefore, the second method is more popular. Depending on the
development of sensor and detection technology, the electrochemistry method realized
by DO electrode and detection circuit has more advantages. It is convenient and
practical, easy to carry, and costing less time on detection that realized real-time
detection. Nowadays with the advancement of sensor technologies, optical DO sensors

are being used in some industries.
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Figure 1.3 DO concentration variations in a pond for 24 hours (Floyd 2011)
Natural oxygen transfer happens by diffusion from the atmosphere to the water and by

means of photosynthesis of algae in water during the presence of sun light. A schematic
of the natural aeration process is presented in figure 1.4.
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Figure 1.4 Natural aeration

Atmosphere contains vast amount of oxygen, some of which diffuse into water bodies
when they are unsaturated with oxygen. Oxygen is lost to the atmosphere when pond
water is supersaturated with oxygen. The driving force causing net transfer of oxygen

between air and water is the difference in the tension between oxygen in the atmosphere
5



and oxygen in the water. Once equilibrium is reached, that is, oxygen tensions in air and
water are the same, the net oxygen transfer ceases. The diffusion rate of oxygen depends
primarily on the oxygen deficit in water, the amount of water surface exposed to the air

and the degree of turbulence (Lekang 2013).

The DO gains and losses in ponds are given in table 1.2 and as indicated in table the
gains and losses of the DO levels in ponds are very close (Parker 2012). Sometimes
oxygen loss is more than oxygen gain. The difference between loss and gain cannot be
balanced by natural aeration. Therefore, natural aeration is not enough for sustainable
fish production. If the consumption of oxygen by the algae, fish and bacteria exceeds
the amount of oxygen produced, oxygen shortage will occur.

In order to prevent oxygen shortage, artificial (mechanical) aeration is required.
Mechanical aeration both in the aquaculture and other industries is carried out by

machines called aerators.

Table 1.2 Dissolved oxygen balance for ponds (Parker 2012)

Source Gain (mg/L) Loss (mg/L)
Photosynthesis 6—20 -
Diffusion 1-5 1-5
Plankton respiration - 5-15
Fish respiration - 2-6
Respiration by other organisms - 1-3
Total 7-25 9-29

1.2 Aerators

Mechanical aeration is the process of adding air from the atmosphere into water to
increase the DO concentration of the water body (Mueller et al. 2002). Aeration is very
important not only to prevent fish deaths but also to increase production. Aeration is

carried out for emergency, supplemental, or continuous cases (Wurts 2010).



Aerators for emergency case are operated temporarily when oxygen falls to or below 3
mg/L during crisis. In this case, aeration is continued until oxygen level is stabilized at 5

mg/L or higher. Supplemental aeration takes place at oxygen depletion times.

Aerators are turned on between 4:00 am and left running until 7:00 am in the morning
or until oxygen level get stabilized at 5 mg/L or higher. In continuous aeration, aerators
are operated continuously (24 hours daily). Some producers manage high intensity fish
farms and run aerators continuously from July to the end of September or until water
temperatures dropped to 18 - 20 °C. There are many different types of aerating devices
that are used to mix atmospheric oxygen in to ponds in the aquaculture industry. These
all types of aerators can be grouped under mechanical aerators, gravity aerators, and air
diffusion systems (Lawson 2002). The common aerator types used in the aquaculture

industry are the following:

e Paddle wheel (Lekang 2013; figure 1.5 a),

e Spiral paddle wheel (Boyd 1998; figure 1.5 a),

o Propeller aerator (Lekang 2013; figure 1.5 b).

o Vertical spray pumps (Lawson 2002; figure 1.5 c),

e Propeller-aspirator-pumps (Kumar et al. 2010; figure 1.5 d),

e Turbine type aerator (Anonymous 2015; figure 1.5 e)

e Venturi jet aerator (Sulzer 2015; figure 1.5 f)

e Pooled circular stepped cascade (Kumar et al. 2013; figure 1.5 g)

¢ Inka aerator - compressor, air pump or blower (Lekang 2013; figure 1.5 h).
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Figure 1.5 Aerator types used in aquaculture industry




In order to operate these aerators, three power sources including grid electric power,

tractor power and renewable energy sources (solar and/or wind energy) can be used.

1.3 Objective of dissertation

In relation to aeration, the following gaps are observed in small and medium scale

aquaculture farms in Turkey:

No any aeration system,
No any DO and water temperature measurement,

Aquaculture farms are far from electric grids.

The main objective of this dissertation is to design and construct a prototype aeration

system to address problems listed above. Aeration system to be developed will be a

solar powered venturi type aeration system, which will be automatically controlled by a

real time DO concentration and temperature measurements of ponds.

The specific objectives of study are the following:

1. Two types of prototype aerators (Prototype | and Prototype 1) will be

constructed. Prototype | will be constructed in such a way that, only the air
injection part of the aeration system (pump and venturi injectors) will be
floating but all the other components such as, solar energy and data acquisition
and automation systems will be located outside the water body. In prototype I,
all the components of the aeration system will be floating inside the water body.

In order to understand the capacity of air suction of venturi system, an ANSYS
fluent model will be carried out. The size and type of all the components of the
aeration system will then be selected based on the ANSY'S simulation results.

In this paper the possible optimum fixed and adjustable tilt angles for the solar
collectors to be used for prototype | will be determined. This will be carried out
by using Typical Meteorological Year (TMY) data set for the province of
Ankara with the help of a program written for this purpose using MATLAB

software.



4. Water and airflow characteristics of venturi aeration systems will be determined
experimentally. Furthermore, performance characteristics of the aeration system
will be determined.

5. Since the performance of aeration process is dependent on the environmental
conditions, a meteorology station will also be constructed by using latest sensors
and data logger technologies.

6. Finally, data acquisition and automation system of the aeration system will be
designed by using an Arduino platforms in combination with DO, temperature

and power (Current and voltage) sensors.
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2. THEORETICAL FUNDAMENTALS

2.1 Principles of Aeration

There is no net transfer of oxygen between air and water if the water is in balance with
atmospheric oxygen. When water is unsaturated with oxygen, oxygen will transfer from
air to water, and the reverse is true when water is supersaturated with oxygen. The
driving force causing oxygen transfer is the difference in oxygen tension in the air and
water. At equilibrium, the oxygen tension in air and water are the same, and there is no

oxygen transfer. The oxygen deficit (OD) can be expressed as (Lawson 2002):
0D = C, — Cy, (2.1)

Where C; is theoretical oxygen saturation concentration under given condition; and C,

IS measured oxygen concentration.

Oxygen enters or leaves water at the interface between air and water. Therefore, for the
thin film of water in contact with the air, the greater the OD, the faster is the oxygen
diffusion through this interface. Turbulence increases the rate of transfer by increasing

the contact area of the air and water.

2.1.1 Theory of gas transfer (Henry’s Law)

Henry’s law describes the amount of a gas in water that can be dissolved as proportional
to the partial pressure. Saturation concentration of the DO in the liquid at the gas-liquid

interface can be expressed as below:

C, = -0z (2.2)

Where Po, represents partial pressure of oxygen in the gas phase (Pa), H Henry’s

constant (Pa-mg/L).
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2.1.2 Two - film theory

According to the two-film theory of Lewis and Whitman, the dissolution of a gas in
water occurs in four major steps as illustrated in figure 2.1 (Lawson 2002, Shammas and
Wang 2016):

e Oxygen moves from the bulk gaseous phase into the gas-liquid interface,

e Oxygen diffuses through laminar gas film,

e Oxygen diffuses through laminar liquid film,

e Oxygen enters the bulk liquid phase.

The two film theory
Laminar flow

Turbulent flow Turbulent flow
P
g
w A
> g
5 -2
A E ;
g Gas phase > Py
‘_:L:_J (Bulk) X Liquid phase
-F: § Interface —p» (bulk)
<>"\‘
).—‘
Gas film Liquid G
film
Distance
—_—>

Figure 2.1 Pressure and concentration gradients in gas—liquid interface (Shammas and Wang
2016) P: partial pressure, C: oxygen concentration, g: gas, I: liquid

The oxygen transfer rate is proportional to the differential between existing and
saturated concentrations of a gas in water. This relationship can be expressed by a gas
transfer model given below (Lawson 2002):

dC DA
E = ZV(CS - Cm) (2'3)
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Where dC/dt is gas transfer rate (mg/L.s); D diffusion coefficient; A the liquid film
thickness (m); A area of gas-liquid interface (m?); V volume of liquid into which the gas
is diffusing (m®); Cs (mg/L) saturation concentration of the gas and Cn (mg/L) gas
concentration measured at time t. The rate of gas transfer can be increased by reducing

the thickness of the interface film (A) or by increasing the value of (Cs- Cpy).

The differential between theoretical saturated concentration and actual measured
concentration of the gas is the driving force of gas transfer:
e When (Cs-Cyy) is positive, gas will transfer from the atmosphere into the bulk
water,

o When (Cs-Cpy) is negative, gas will transfer from the water to the atmosphere.

The rate of gas transfer can be increased by reducing the thickness of the interface film
(A) or by increasing the surface area of contact (A). However, it is difficult to measure
A and A. The ratios (A/V) and (D/A) are usually combined with a coefficient called the
overall gas transfer coefficient (K,) as follows ( Sperling 2007):

dC
E = KLa(cs - Cm) (2-4)

2.2 Factors Affecting Oxygen Transfer

The oxygen transfer rate of the aeration equipment is affected by environmental
conditions at the time of operation. Therefore, it is important to measure the factors that
affect the oxygen transfer rate. The obtained results can then be changed in to standard

conditions (Sperling 2007).

The solubility of oxygen in water bodies is influenced by atmospheric and water
variable. The main factors influencing the oxygen transfer rate are temperature,
characteristics of water, atmospheric pressure, DO concentration and characteristics of

the aerator.

13



2.2.1 Temperature effect

The solubility of oxygen in water bodies decreases as temperature increase.
Consequently, a decrease in transfer rate dC/dt occurs. (Sperling 2007). A detailed table
on saturation concentrations of DO in fresh water according to the temperature is given

in Appendix 1.

The influence on K, of temperature can be expressed by
(Kra)r = (Kpa)zo 8729 (2.5)

Where (K o)t is the oxygen transfer coefficient at temperature T; (K a)20 the oxygen
transfer coefficient under standard conditions; T is temperature (°C). © is temperature

coefficient, which typically varies from 1.016 to 1.047. In freshwater, © value can be

used as 1.024 (Lawson 2002).

2.2.2 Salinity effect

Saturation concentration of DO in water bodies decreases as salinity of water increase.
The saturation concentrations of DO as a function temperature and salinity are presented
again in Appendix 1.

2.2.3 Atmospheric pressure effect

The DO concentrations increase with an increase of barometric pressure. The saturation
concentrations of DO as a function temperature and atmospheric pressure are presented

in Appendix 2.

2.2.4 Relative humidity effect

The DO concentration increases with a decrease in relative humidity of air. DO

concentration with respect to relative humidity is given in Appendix 3.
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2.3 Aerator Test Procedure

The unsteady-state method defined by American Society of Civil Engineers (ASCE) is
usually used for evaluating the performance of aerators. Unsteady-state tests are
conducted by deoxygenating a basin of clean water with chemicals and measuring the
change in DO concentration as the water is re-oxygenated by an aerator. Unsteady-state
tests are carried out at two stages: (1) de-oxygenation and (2) re-oxygenation
(Anonymous 2007). The theoretical chemical requirement for de-oxygenation is 7.88
mg/L of Sodium Sulfite (Na,SO3) for 1.0 mg/L of DO. Additionally cobalt chloride
(CoCl,.6H,0) is used at a concentration of 0.1-0.5 mg/L as a catalyzer (Lawson 2002)
for each mg/L of DO. Sodium sulfite is added in amounts usually equal to 25 % more of
the stoichiometric requirement (Stenstrom et al. 2006). Due to the addition of sodium
sulfite catalyzed with Cobalt chloride the DO level of water in a pool is reduced to zero.
After de-oxygenating, The DO concentration starts to increase due to the aeration effect
of a turned-on aerator and DO concentrations are monitored throughout the re-

oxygenation stage.

2.3.1 Performance characteristics of aerator

Three different main performance parameters are used to evaluate the characteristics of
aerators (Anonymous 2007):
e Standard oxygen transfer rate (SOTR): SOTR describes the amount of oxygen
transferred to water body in kg Oa/h.
e Standard Aeration Efficiency (SAE): SAE is expressed as oxygen transfer per
unit power input under standard conditions (0 mg/L, 20°C, and clean water) in
SAE is kg O,/kWh.
e Standard oxygen transfer effectiveness (SOTE): SOTE describes the amount of
the injected oxygen that becomes dissolved in water and is expressed in

percentage.

The selection of aerators for aquaculture aeration can be done by the oxygen transfer

capacity, power requirement and total cost of the systems.
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Generally, the factors used for selection of aerator are:
e Fish pond size (surface area and depth)
e Type and availability of energy source
e Cases of aeration (emergency, supplemental or continuous)
e Aerator capacity (performance characteristics)
e Seasonal factors

e Type and number of fish in fish pond.

The SOTR and SAE values for the commonly aerators shown at figure 1.5 are given in
table 2.1.

Table 2.1 SOTR and SAE values of some aerators used as current

Aerator type SOTR SAE References
Paddle wheel 25 -23.2 1.1-3 Lawson, 2012
Propeller-aspirator- pumps 0.454 0.304 Kumar, 2013
Vertical spray pumps 0.3-10.9 0.7-18 Boyd, 1998

Pump sprayer 11.9-145 0.9-19 Boyd 1998
Turbine aerator 06-3.9 12-18 Oxy, 2015
Venturi type 0.09-0.31 0.06 —0.21 Zhu, 2007

2.4 Venturi Effect

Venturi effect is defined as a reduction of the fluid pressure when fluid passes through
diminished cross-section of a pipe. By utilizing the venturi effect, air can be transferred

from the atmosphere into water without any mechanical action.

Venturi principle that can be used in the design of the aeration system is expressed
based on the Bernoulli principle, the flow velocity (V;) of fluid increases, the pressure
(P2) drops due to diminishing in cross section of a pipe as shown in figure 2.2, when
pressure at point (2) drops below atmospheric pressure, air is sucked in from the

atmosphere.
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Figure 2.2 Venturi effect principles

According to the continuity equation:
A1V1 = A2V2 (2.6)

Where A; and A; are the areas, V1, and V; are velocities at points (1) and (2),

respectively.

According Bernoulli equation, total energy (pressure and kinetic energy) between points
(1) and (2) is balanced:

By _ RV (2.7)
p 2 p 2

Where P; and P, are pressures at points (1) and (2), p is density of the fluid flowing

through the venturi.

By combining the continuity and Bernoulli equations, pressure at point 2 (P>) is

calculated as:

P, = P+ <1— (ﬁf) (2.8)

When the pressure at point 2 (P,) is less than the atmospheric pressure, air form the

atmosphere will start to flow into the fluid.

2.5 Solar Energy Calculations

In designing of solar energy systems, the amount of solar energy incoming to solar
panels is represented as irradiance and insolation. Irradiance is the instantaneous radiant

power incident on a surface, per unit area. Usually, it is expressed in Watts per square
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meter (W/m?). Insolation is defined as the integration of the irradiance over a specified
period that is typically, hourly, daily, monthly, and yearly. The daily insulations for
example are expressed in Watt-hours per square meter per day (Wh/m?/day), kilowatt-
hours per square meter per day (kWh/m?/day), Mega Joule per square meter per day
(MJ/m?/day or kWh/m?/year).

The intensity of solar radiation incoming on a plane on the earth varies according to
hours of the day and seasons of the year, latitude of location. Incident solar radiation
falling on a solar panel can be maximized by using an optimum tilt angle (Yadav et al.
2013). This can be achieved manually or automatically, which determines optimum
panel slope angles or using by solar tracking systems. However, tracking systems are
more expensive than the fixed ones due to their moving components (Ahmad and
Tiwari 2009, Keshavarz et al. 2012).

For this purpose, the geometric relationships between a plane on the earth and the
incoming beam solar radiation has to be described by means of solar-earth relationship
angles given schematically in figure 2.3 and all the equations from 2.9 to 2.17 are

taken from Duffie and Beckman 2013
e Latitude (—90° < @ < 90°) is the angular location north or south of the equator,
north positive. The latitude angle are usually given in degrees and minutes as the

following:
O =, + 2 (2.9)

e Declination (—23.45° <6 <23.45°) is the angular position of the sun at solar noon
(i.e., when the sun is on the local meridian) with respect to the plane of the

equator, north positive as the following according to the day of the year (n):
8 =(57.3) x 0,006918 - 0,399912 x cos (B)) + (0, 070257 x sin (B))
- (0.006758 x cos (2 x B)) + (0.000907xsin (2xB)) - (0.002697xcos (3xB))

+(0.00148xsin (3xB))) (2.10)
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_ 360

B=22(n-1) (2.11)

e Slope (0° < B <90°) is the angle between the panel plane and the horizontal plane.

e Surface azimuth angle (—180° <y < 180°) is the deviation of the projection on a
horizontal plane of the normal to the surface from the local meridian, with zero
due south, east negative, and west positive.

e Solar altitude angle (os) the angle between the horizontal and the line to the sun,
that is, the complement of the zenith angle.

e Zenith angle (6,) is the angle between the vertical and the line to the sun, that is,

the angle of incidence of beam radiation on a horizontal surface.

Zenitn
[y

Normal 1o

o ‘.l
\Sun, horizontal surface

Figure 2.3 Sun - collector relationship (Duffie and Beckman 2013)

¢ Incidence angle (0°) is the angle between the beam radiation on a surface and the
normal to that surface for a solar panel of 3 tilt angle facing south in the northern

hemisphere:
6’ = cos™[sin & sin (® - B) + cos & cos (P - B) cos w] (2.12)

e Hour angle (o) is the angular displacement of the sun east or west of the local
meridian due to rotation of the earth on its axis at 15 per hour; morning negative,

afternoon positive:

w = (Solartime — 12) x 15 (2.13)
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e Solar azimuth angle (ys) the angular displacement from south of the projection of

beam radiation on the horizontal plane.

The relationship between solar time and standard time must be known to describe the
position of the sun. However, two corrections are necessary to convert standard time to
solar time:

Solar time — Standard time = 4 X (Lg;q — Ljoc) + E (2.14)

e Firstly, the difference between the standard meridian longitude (Lsq) and the
observer’s longitude (Lio) IS taken into account. The sun takes 4 minutes to

transverse 1° of longitude:

Lstg = (Time zone of the area) x15 (2.15)

e Second correction is the equation of time (E), which takes into account the
disturbances in the earth’s rate of rotation:
E =229.2 x (0000075 + 0.001868 x cos (B) - 0.032077 x sin (B)
-0.014615 x cos (2 x B) -0.04089 xsin (2 x B))
(2.16)

The total solar radiation incident on a tilted surface consists of mainly two components:

beam (lp) and diffuse radiation (lg):

- I, X cos(0") + 14 X (1 + cosP)

s 5 (2.17)

The choice of tilt angle for a solar panel is fundamental for performance of PV panel
depends on the tilt angle of the panel with respect to the horizontal plane.

2.6 Planning of Solar Power

In a stand-alone PV system, estimating the energy requirement and evaluating the
available solar radiation are the most important tasks. In planning, seasonal and daily
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load variations must be known. In order to evaluate daily energy need required for a

system, the types and utilization of load types, their power consumptions, daily working

hours and appropriate safety factors should be considered by designers as defined at

table 2.2.

Table 2.2 Assessing form for total energy requirement related to loads of system

a b C d e f=cxdxe
Load Number Power Daily working | Safety | Daily energy need
consumption (W) | hours (h/day) | factor (Wh/day)
1
2
3
Total load Total power cons.

The total daily energy requirement (Watt-hour rating-Wh) is evaluated from table 2.2

during assessing of all loads used in system.

The battery should be large enough to store sufficient energy to operate the pump at

night and cloudy days. To find out the size of battery, the following steps have to be
followed (Foster et. al 2010):

Battery Capacity (Ah)

_ (Total daily energy required ) x (Days of autonomy)

Np X & X N, XV

(2.18)

Where, np is battery efficiency, &, is deep of discharge efficiency, ny battery number, V

nominal battery voltage.

The system must be capable of generating enough power even in the worst climatic

condition. The suitable panel sizing is determined by total daily energy requirement and

equivalent hours of sunshine.

Panel Nominal Power =

(Total daily energy required )

(hours of sunshine)

(2.19)




The battery type recommended for PV solar system is deep cycle battery. Deep cycle
batteries are specifically designed to be discharged to low energy level and rapid

recharged or cycle charged and discharged day after day for years.
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3. LITERATURE REVIEW

Many studies have been conducted with respect to aerator applications, such as ground
water treatments (Ann et al. 2005, Chachuata et al. 2005, Siabi 2008), agriculture
(Mukhtar et al. 2010), treatment of municipal wastes (Liu et al. 2011), aquaculture
(Boyd and Tucker 1998, Kumar et al. 2010, 2013), food and beverage industry
bioreactors (Kadzinga 2015). Although aeration systems are used in different areas, in
this section only literatures reviewed in relation to aquaculture including aeration, data

monitoring, automation and solar energy technologies are presented.

Boyd and Watten (1989), Tucker and Robinson (1990) said that aeration is required to
increase fish yields and profits. They also emphasized that, aerators must be installed
when the maximum sustained feeding rate exceeds about 39 kg/ha/day for catfish
ponds. Boyd (1998) published a review paper about pond water aeration systems and
discussed about aeration principles, type of aerators and performance characteristics of

aerators in detail.

Applebaum et al. (2001) implemented solar power for aeration of fishponds. In their
work, they used PV solar electricity to power a paddle wheel aerator connected to a
permanent magnet DC motor. They tested the aerator for two years and achieved

satisfactory results. Figure 3.1 shows the constructed PV system based aeration system.

Moulick et al. (2002) made a prediction of aeration performance of paddle wheel
aerators. They studied the effect of geometric and dynamic variables on aeration process
based on dimensional analysis. In doing so, they conducted experiments in brick
masonry rectangular tanks of dimensions 2.9x2.9x1.6 and 5.9x2.9x1.6 m. The
researchers finally come up with simulation equations uniquely correlating SAE, with
non-dimensional numbers which can predict the aeration performance of paddle wheel

aerators.
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Figure 3.1 Photovoltaic powered paddle wheel aerator (Applebaum et al. 2001)

Laksitanonta and Singh (2003) designed a venturi type aerator and study its
performance characteristics and oxygenating capacity. The aerators performance were
determined by first removing the DO with the help of sodium sulfite and cobalt chloride
chemicals and then re - aerating the water by operating the venturi type aerator. Finally,
the researchers concluded that, oxygen improvement can be increased with an increase
in volume flow rate of water and the performance of the venturi type aerator at two

different depths of the aerator were similar.

Cancino et al. (2004) designed and manufactured a PV solar panel driven high
efficiency surface type centrifugal aeration system for fish ponds. The work was carried
out by testing 23 different rotor configurations. The different configurations were based
on type of propeller, inlet and exit angles of the blades and the rotor’s immersion
percentage. They found a maximum SAE of 1.805 kg/kwh and concluded that aeration
efficiency was directly proportional to Froude number, but was inversely proportional

with the speed and diameter of the propeller.

Pearson and Green (2006) made a data acquisition system of DO concentration and
temperature measurement at different fishpond depths. A floating system that can carry
a maximum of 12 kg load was designed with connecting elements, such as PVC pipes,
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90° elbows and T fittings. Sensors were placed inside a housing to prevent
environmental effect. Solar panel (12 V, 5 W) and lead acid dry battery (7 Ah) were
used to power a data logger and sensors. The system was programmed to make
measurements every second and to record the average measurements of 10 seconds. The

system was used to measure at a depth of 0.25 to 0.75 m inside a fish pond.

Romaire and Merry (2007) installed a paddle wheel aerator into three fish ponds an
make a comparison with three other control fish ponds of the same type. From the
research, it had been found that the DO concentrations in control ponds were observed
to reach below 3 mg/L during critical times 4 to 5 times more than that of the aerated
ponds. A graph of DO plotted for both the non- aerated and aerated ponds is given in
figure 3.2.
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Dissolved oxygen (mg/L.)
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Figure 3.2 DO concentrations for aerated and non-aerated ponds (Romaire and Merry
2007)

Zhu et al. (2007) developed a venturi type - aerator. They tested air injection modules
consisting of single and multiple venturies connected in series and parallel. The
experimental setup used during the research is schematically given in figure 3.3. From
the research, the higher aeration efficiencies were observed for the parallel design of the
two modules (0.14 and 0.10 kg O,/kWh) as compared to those in series design (0.07,
0.06, and 0.06 kg O,/kWh). In the same way, the oxygenation capacities were also
significantly higher for parallel modules (0.22 and 0.15 kgO2/h) than for series modules
(0.10, 0.09, and 0.09 kgO2/h).
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Figure 3.3 Experimental setup for venturi type aeration development (Zhu et al. 2007)

Neelamegam et al. (2008) designed and constructed a microcontroller based data
collection system for fish tanks to control the temperature, light, pH and DO of the
tanks. The system was effective, quick and cheap. The researchers concluded that by
implementing the system, fish growth rate, quantity and quality could be improved.

Ghomi et al. (2009) made an experimental study of nozzle diameters, aeration depths
and angles on standard aeration efficiency (SAE) in a venturi aerator. A 1.1 kW
submersible water pump with a venturi air injector was used in this study to examine the
effects of three factors including nozzle diameter (14, 17 and 20 mm), aeration depth
(20, 40 and 60 cm), and aeration angle (0, 22.5 and 45°) on standard aeration efficiency
(SAE). The greatest oxygen transfer efficiency in this study was determined by using 14
mm nozzle size, 60 cm depth of aeration, and 45° angle of venturi tube in water

aeration.

Kumar et al. (2010) evaluated performance of propeller-aspirator-pump aerator.
Aeration experiments were conducted in a brick masonry tank to study the effects of
positional angle of propeller shaft, submergence depth and rotational speed of shaft on
standard aeration efficiency (SAE) of a propeller-aspirator-pump aerator. As a result,
they achieved a maximum SAE of 0.42 kg O,/kWh.
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Dong et al. (2009, 2012) discussed the effect of aeration due to venturi arrangements.
Six venturi aerator modules were evaluated and the results indicated that better aeration
efficiencies could be achieved by simply changing the way the venturi aerators were
connected. Among all the configurations examined, three venturies connected in parallel
were able to bring more oxygen into water than the others (Figure 3.4). An increase in
liquid flow rate led to an enhancement of the oxygen transfer coefficients, but the
improvement was reduced if the liquid flow rate was too high. The oxygen transfer
coefficient was found to have a relationship with the depth of diffusing pipes (surface
aeration depth) for the surface aeration system and an optimal depth of around 40 cm
was obtained from their study. The maximum SAE obtained in this paper was 0.21 kg

O,/kWh for three venturies connected in parallel.
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Figure 3.4 Different arrangements of venturies for efficiency improvements (Dong et al. 2012)

Kumar et al. (2013) conducted a research in a brick masonry tank of dimension 4 m x 4
m x 1.5 m to study the design characteristics of pooled circular stepped cascade (PCSC)
aeration system. Based on dimensional analysis, non-dimensional numbers related to
geometric, dynamic and process parameters were proposed. Simulation equations for

oxygen transfer and power consumption were developed. According to the paper, the
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SAE of the developed prototype PCSC aerators based on estimated brake power ranged
between 2.43 and 3.23 kg O2/kWh.

Prasetyaningsari and Setiwan (2013) determined the optimum sizing of electric power
to support the electricity demand of fish pond aeration system by using HOMER
(Hybrid Optimization Model for Electric Renewables) software. Energy load required
was varied between 450 Wh/day and 1692 Wh/day. They found that 1 kW as the
optimal sizing of photovoltaic, 8 batteries of 200 Ah and inverter 0.2 KW. The least cost
of energy (COE) of system was determined as about 0.769 $/kWh.

Brown and Tucker (2014) explored the possibility of using paddlewheel aerators as
pumps in split ponds. They analyzed water pumping performance characteristics of a
paddlewheel aerator, including the relationships among power input, rotational speed,
paddle depth, water velocity, and water flow rate. They also evaluated the effect of
pump location on pumping efficiency. They showed that commercial paddlewheel
aerators could be modified, operated and located to provide the water flows needed in
commercial-sized split ponds. They suggested slow-rotating paddlewheels (which are
specifically designed as water pumps) due to advantages of lower investment cost,

greater availability, and easy maintenance.

Kumar et al. (2014) developed various types of aeration systems to maintain the desired
level of DO concentration in pond water. They made performance evaluations and
comparisons of aeration systems of four different types of aerators; paddle wheel
aerator, propeller-aspirator-pump aerator, circular stepped cascade aerator and pooled
circular stepped cascade aerator. Aeration tests were conducted at Indian Institute of
Technology Kharagpur, India. The maximum standard aeration efficiency of 1.65 kg
O,/kWh was estimated for a single hub paddle wheel aerator. In case of propeller-
aspirator-pump aerator, the maximum standard aeration efficiency of 0.42 kg O,/kWh
was obtained at a positional angle of 75 degree, rotational speed of 2840 rpm and
submergence depth of 0.14 m of propeller shaft. Standard aeration efficiencies based on
estimated brake power of the prototype circular stepped cascade and pooled circular
stepped cascade aerators ranged between 2.16 to 2.70 kg O,/kWh and 2.43 to 3.23 kg
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O,/kWh respectively. It had been found that the pooled circular stepped cascade aerator

had more standard aeration efficiency compared to the other aerators tested.

Solpico et al. (2014) designed and constructed a 50 W solar PV panel driven air
compressor type mini aeration system (Figure 3.5). The aeration system was equipped
with DO, temperature and electric conductivity sensors. The measured values were sent
out via short message system (SMS) to central server 80 km away in near real time and
displayed on a website designed for this purpose. The constructed aeration system was
controlled automatically by Arduino platform so that the aerator will be operated every
night at 6 AM with the help of solar batteries charged during the day. The researchers
concluded that a standalone pond monitoring system could be easily implemented by

using Arduino development board.

Figure 3.5 Solar driven floating type aerator (Solpico et al. 2014)

Ma et al. (2015) installed two water-lifting aerators (WLAS) in a stratified,
eutrophicated reservoir to investigate its ability to improve the water quality. The results
showed that the lower water layer was directly oxygenated by WLAs. The mixing
function of WLAs can control algal growth, and its mixed conduction speed gradient
can effectively resist cyanobacteria floatation and reduce the competitive advantage of
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harmful algae, which changes the quantity and structure of the phytoplankton
community. The algal cell density decreased to less than 10 million/L, with
cyanobacteria accounting for only 16% of the population in the area of 10 m away from
the WLA. The quantity of algae reached to 100 million/L and included Microcystis,
which accounted for 91% of the population in the area of 100 m away from the WLA
after three weeks of operation. The results can provide direct technical support for

reservoir restoration.

Brown et al. (2016) evaluated the circulator performance for four different circulating
systems: slow rotating paddle wheel (0.5 to 3.5 rpm for a twin), paddle wheel aerator
(12.5 to 56.5 rpm); high-speed screw pump (60 to 240 rpm); an-axial-flow pump (150 to
600 rpm). Water flow rates ranged from 8.6 to 77.6 m%min and increased with
increasing rotational speed. Power input varied directly with flow rate and ranged from
0.24 to 13.43 kW for all four circulators. Water discharge per unit power input (i.e.
efficiency) ranged from 3.5 to 70.9 m*kW min for the circulators tested. In general,
efficiency decreased as water flow rate increased. Initial investment cost for each
circulator and complete system ranged from US $5850 to $22,900 and $15,335 to
$78,660, respectively. The least expensive circulator to operate was the twin, slow-
rotating paddle wheel, followed by the paddle wheel aerator, high-speeds crew pump,
and axial-flow pump. They showed that four different circulating systems could be
effectively installed and used to circulate water in split- ponds. However, water flow
rate, rotational speed, required power input, efficiency, initial investment cost, and

operational expense varied greatly among the systems tested.
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4. MATERIAL and METHOD

The design works of the aeration system were started by first modeling a single venturi
ANSYS FLUENT package. The modeling was carried out to check weather venturi
systems are capable of drawing enough oxygen from the air for the purpose of aeration.
The modeling work had also used for the determination of venturi and pump sizes

which are big enough for the construction of a prototype aeration system.

Initially, aeration tests related with aeration system designed were carried out in a
plastic pool of 4000 L volume at mechanical laboratory by using a 24 V DC power
source. Followed by the integration of meteorology station and data logging system
were integrated in order to measure and to store variables related to outdoor conditions.
Finally, solar powered pool and field experiments were carried out.

4.1 Equipment and Devices

Mechanical and electrical equipment and devices are given in table 4.1. Electronic

components, sensors and measurement devices are listed in table 4.2.

4.1.1 Experimental pool

The main experiments in relation to the design and construction of the aeration system
were carried out in a plastic swimming pool made up of PVC/PE material with a
capacity of 4000 L volume. Both indoor and outdoor experiments were taken place by

using this pool. The pool has a diameter of 3.0 m and water depth of 0.76 m.
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Table 4.1 Mechanical and electrical tools and equipment

Components Characteristics Values
Submersible pump Maximum power | 300 W
Lorentz - C-SJ5-8 Maximum dynamic head | 20 m
Maximum flow rate | 8 m*h
(Aerator pump) Maximum voltage | 50 V
Motor efficiency | 92 %
Weight | 12 kg
Pump controller MPPT system | -
Lorentz -PS150 Battery connection mode | 12 V-24 V
Dry-well and sensor connection system | -
(Aerator pump controller) PWM adjustment system | -
Venturi Water inlet x Air inlet x Water and Air mixture | 1”7 x 347 x 17
(Palaplast, outlet | 1%2” x 34" x 1%4”
Alternatif plastics) 27x1x2”
Experiment pool Diameter | 3m
(Intex) Depth | 0.75m
Volume | 4 m®
DC power source In | 200-240 VAC@ 4.2 A
(Max Power S 350-24) Out | 24VDC @ 14.6 A

PV solar panels: 2

Rated Max. Power (Pax)

150 W

Type: Monocrystalline Voltage at Pax | 18.72 V
(EkoSolar) Current at P | 8.01 A
Open circuit voltage | 22.64 V
(Aerator power supply) Short circuit current | 8.8 A
PV solar panel Rated Max. Power (Pray) | 245 W
Type: Polycrystalline Voltage at Pray | 30.2 V
(Yingli) Currentat Pyax | 8.11 A
Open circuit voltage | 37.8 V
(Aerator power supply) Short circuit current | 8.63 A
Solar charge controller Max. Voltage | 12/24 V
(Juta 50242) Max. Current | 50 A
Solar batteries: 4 Voltage | 12V
Type: Gel battery (Gold) Battery charge rate | 100 Ah
(Aerator power supply) C-rating | 20
Solar panel (Ekosolar) Rated Max. Power (Ppax) | 60 W
Type: Monocrystalline Voltage at Prax | 17.98 V
Current at Ppay | 3.39A
Open circuit voltage | 21.8
(Datalogger power supply) Short circuit current | 3.72 A
Solar battery (Gold) Voltage | 12V
(Datalogger power supply) Battery charge rate | 26 Ah
Charge controller Max. Voltage | 12 V
(Juta CM20D) Max. Current | 5 A
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Table 4.2 Electronic components, sensor and measurement devices

Components

Characteristics

Values/Model

Data logger CR1000
(Campbell Scientific)

Power supply

Analogue inputs

Pulse counter

Input voltage

Accuracy (Analogue voltage)
Analogue resolution

A/D resolution

9.6-16V DC
16 SE, 8 Dif.
2

+5VDC
+(0.06%)
0.33 pV

13 bit

Meteorology station

Temperature sensor (Texas Instruments)
Relative humidity sensor (Honeywell)
Barometer (Infineon)

Pyranometer (Apogee)

Anemometer (Sparkfun)

Wind vane (Sparkfun)

Rain gage (Sparkfun)

Water temperature sensor (Campbell
Sci.)

LMT86LP
HIH5030
KP236N6165
SP-110
SEN-08942
SEN-08942
SEN-08942
Model 107

DO Sensor,
Atlas Scientific - EZO

Full range accuracy
Output

Max Temperature
Max Pressure

Max Depth
Dimensions

+0.01 mg/L

0 to 20 mg/L

50 °C

690 kPa

60 m

16.5 mm X 116 mm

Flow measurement
devices

Anemometer
pH meter
EC meter

Multimeter
Flow meter

Lutron AM-4204
Lutron PH-207

Lutron CD-4303

Fluke 189

Baylan (11%”- 6.5 m°/h)

AJD converter
(Microchip, MCP3425)

Resolution
Gains of
Comm. protocol
Supply voltage

16 bits
1,2,40r8
12C

2.7V to 5.5V

Temperature Sensor
(Dallas, DS18B20)

Input voltage
Measurement range
Accuracy

Comm. protocol

35-5V
-55 - 125°C
0.5°C

One wire

Voltage and Current
Sense Board (Attopilot)

Maximum Voltage
Maximum Current
Analog voltage output
Analog current output

518V
89.4 A
63.69 mV/V
36.60 mV/A

Arduino UNO
Sparkfun Red Board

Microcontroller processor
Flash memory

Digital input/output pins
Analog inputs

Clock frequency

ATmega32
32 kB

14

6

16 MHz

Relay control board
(Robit)

Relay coil voltage
Switching current

5V
10A @ 24VDC

SD card shield
(ITEAD studio)

Supports
Compatible with Arduino

SD card (max. 2 GB)
5V and 3.3V

Real Time Clock-DS1307

Current consumption

500nNA @5V
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4.1.2 Meteorological measurement system

A meteorology station was set up to measure the pool and the environmental variables.
The main components of the station are pyranometer, barometer, cup anemometer and
wind vane, temperature and relative humidity sensors, rain gage shown in figure 4.2.
The data coming from the sensors was stored in a data logger in a time interval of one-
minute. The station consists of the different sensors, data logger, solar energy system,

housing and connecting elements is given in figure 4.3.

A solar panel of 60 W, a battery of 12 V @ 26 Ah were used to provide power for the

meteorological measurement system.

The data logger, solar battery and solar charge controller is also given in figure 4.4.

1
d e f

Figure 4.2 The main components for meteorology station

a. cup anemometer, wind vane, rain gage, b. pyranometer, c. LMT86LP temperature sensor,
d. humidity sensor, e. barometer and f. CR1000 data logger
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Charge controller

Solarbattery

Figure 4.4 Power supply system for meteorology station

4.1.3 Dissolved oxygen measurement and automation

An Arduino Uno development board along with SD and LCD shields was used to fulfill
pool measurements and automation (Figure 4.5 a). A DO probe (Atlas Scientific DO
V5.0) was used to measure the oxygen amount injected to water body by aerator (Figure
4.5 b). This probe is a galvanic sensor that produces a millivolt (mV) signal directly
proportional to the oxygen present in water. Since the maximum signal output of the
probe is 36 mV, a MCP3425 single channel Analog Digital (A/D) converter with gain
of eight was used (Figure 4.5 c). A waterproof DS18B20 sensor was used to measure
water temperature, (Figure 4.5 d). A relay card compatible with Arduino is used for the
automation of aeration system (Figure 4.5 e). (Figure 4.5 f) is the current — voltage

sensor used in this project.
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Figure 4.5 Main DO measurement and automation components

a. Arduino Uno development board, b. DO probe, c. A/D converter, d. DS18B20 water Temperature
sensor, e. Relay control board, f. AttoPilot VVoltage and Current sensor

4.1.4 Power measurement

In order to measure the power consumption of aerator, a power meter based on Arduino
Uno to be able to connect with SD card and LCD shields was developed. Power
measurement was carried out by using current — voltage sensor (Sparkfun, AttoPilot 50
V —90 A) that connected between battery and pump controller.
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4.2 Method

4.2.1 Venturi modeling and simulation

ANSYS Fluent package was used to simulate the capacity of a single venturi to transfer

oxygen from the atmosphere into the water. The following assumptions were taken into

account for ANSYS modeling:

Single 1 inch venturi
Pressure based
Steady flow

Mixture type flow

Two velocity inlets and one outflow outlet

4.2.2 Water-Air flow tests

The venturi water-air flow tests were done by using a submersible pump, water flow

meter, manometer (1), vacuum meter (2), digital anemometer, DO sensor and

temperature sensor at a pool test stand shown schematically in figure 4.6.
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Figure 4.6 Water — air flow test stand
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Three different in dimension venturi injectors were used in experiments. They are
defined from their nominal diameters (@i X Q3" X Qo) listed in figure 4.7. Oy, Da

and Q,,, show water inlet, air inlet and water air mixture exit diameters, respectively.

L(mm) D Jdmm) DJmm)

230 20 5.0

280 30 7.5

Figure 4.7 Three different venturi injectors used in experiments

The vacuum levels created by each venturi for different power and water flow regimes
were measured at the test stand. Additionally, the air speeds of provided by venturi
injectors were measured for power-flow regimes. After determining the suitable venturi
injector dimension, different venturi connection combinations were tested. Then, the air
suction capacities for connections of single, double and triple venturi combinations in
series and parallel were analyzed. According to analysis results, the venturi type -

aeration system was constructed and installed.

4.2.3 Dynamic re-oxygenation method

The unsteady-state test procedure was applied to determine the performance
characteristics of aeration system. The standard test steps given by American Society of
Civil Engineers (ASCE) were applied to the developed aerator system (Anonymous

2007; Figure 4.8).
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Figure 4.8 Standard test procedure for aerator (Anonymous 2007)

ASCE standard test procedure consists the following six steps:
1. Filling with tap water the test pool
2. Turning on the aerator
3. De-oxygenating by adding of chemicals:
= Na,SO;3 of 500 g and CoCl; of 2 g for water of 4000 L
= The lowest concentration should be lower than 20% of C;
4. Re-oxygenating:
= The highest concentration should be at least 98% of Cs
5. Truncating data measured for true analysis:
= 20% of C*,
= 80% of C*,
6. Converting to standard temperature (20°C) and pressure (101.325 kPa) of the
data.

Figure 4.9 shows the experimental layout for performance tests of the aeration system.
Performance tests were also conducted in plastic pool of 4000 L filled with clean tap

water, which is shown in figure 4.1.
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Figure 4.9 Performance test stand

4.2.4 Graphical method for oxygen transfer coefficient determination

By using the unsteady-state test procedure, a mathematical dynamic model that

describes oxygen transfer rate in clean water is as shown below (Lekang 2013).

dC
T = Kia (G - €0 ()

Where; K|, is volumetric mass transfer coefficient (1/min). C,, and C; are saturation DO
concentration (mg/L) and measured average DO concentration in the liquid phase at
time t, respectively.

By integrating equation (4.1), K, gas transfer rate can be calculated as following:

In(Cg — Cy1) — In(C§ — Cyp)

(Kra)r = S (4.2)

Where Cs" is equilibrium liquid-phase oxygen concentration, Cy and Cy, are measured
DO concentrations at time t; and t, where t; and t, are initial and final times,
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respectively. From equation 4.2, the values (Cs — Cy) and (Cs — Cy) are the DO
deficits.

Graphical method of performance characteristics determination was used for estimating
the oxygen transfer coefficient as shown in figure 4.10. The value of K, is usually
calculated accurately by plotting the time versus the natural logarithm of the oxygen
deficit. The slope of the straight line generated via graphical method equals to K, value
(Lawson 2002).

-

In( C,

\J

Fime (minute)

Figure 4.10 Graphical method for determining the overall oxygen transfer coefficient (Lawson 2002)

Since temperature affects viscosity as a result of which affects diffusion rate, values of
Kia must be corrected for temperature effects. The oxygen transfer coefficient under
standard conditions can be calculated by the following equation (Lawson 2002):

KLa
(Kra)zo = % (4.3)

Where (K_.)r is the overall oxygen transfer coefficient at T water temperature (h™), T

the water temperature (°C). © was used as 1.024 for fresh water.

4.2.5 Determination of performance parameters

All parameters used to evaluate aerator performance were determined based on standard
parameters defined for a water temperature of 20°C and barometric pressure of 1

atmosphere by (Anonymous 2007).
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Standard oxygen transfer rate:
The overall oxygen transfer coefficient was used to estimate the standard oxygen

transfer rate for an aerator (Kumar et al. 2013):
SOTR = (Kpa)20(Cs)20(V)(107%) (4.4)

Where; SOTR = standard oxygen transfer rate, kg O,/h; V = volume of water in test
pool, m®, (Cs)20 = DO concentration saturated at standard conditions, (T = 20°C and Py
=101.325 kPa) = 9.07 mg/L (Appendix 2-3).

Standard aeration efficiency:
Standard aeration efficiency (SAE) can be expressed as kilograms of oxygen transferred
per kilowatt per hour as shown by following (Kumar et al. 2014):

SOTR
= —— (4.5)

Where; SAE = standard aeration efficiency (kg O,/kWh), P = input power in KW.

Standard oxygen transfer effectiveness:
The standard oxygen transfer effectiveness is equal to the oxygen transferred divided by
the mass flow rate of oxygen supplied by the aerator (Lawson 2002):

SOTR
SOTE = —— x 100 (4.6)
m
Where; SOTE = standard oxygen transfer effectiveness, m = mass flow rate (kg/h).
4.2.6 Oxygen transfer model

The amount of oxygen transferred into water by aeration system with numerical model

defined between air as a source and water as a sink is given in figure 4.11.
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Oxygen mass flow rate (m)

Oxygen transfer rate (OTR)

A

Oxygen transfer efficiency (n)

Figure 4.11 Oxygen transfer model

Oxygen mass flow rate (mm,)
The amount of oxygen sucked by venturi from air is calculated as:

m, = 3600. (A.v).p. 0 (4.7)
Where; A = venturi air entrance cross sectional area (m?), v = air velocity (m/s), p = air

density (kg/m®), Oc.w = 0xygen fraction of air by weight (0.233 kg O/kg air) .

Oxygen injection factor (OIF)
The oxygen injection efficiency is the ratio of the oxygen mass flow rate to input power:

m,
OIF = — (4.8)

Oxygen transfer rate (OTR)

The amount of oxygen transferred by venturi is calculated as the following:

OTR = C4. K,V x 1073 (4.9)

Where, C; = saturated oxygen concentration at liquid phase (mg/L), K, = overall

oxygen transfer coefficient (h™), V = water volume (m®).

Oxygen transfer factor (OTF)
The oxygen transfer factor can be defined as ratio of the oxygen transfer rate to power

consumption:

OTR
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Oxygen transfer efficiency ()
The oxygen transfer efficiency is ratio of the oxygen transfer factor to the oxygen
injection factor:

OTF
= 5 X 100 (4.11)

Energy consumption
Energy amount requiring for production of oxygen can be calculated from ratio of input

power (P) to oxygen transfer rate (OTR):

P
EC = orr (4.12)
4.2.7 Power calculation
The wire power, i.e. power consumption, was calculated according to:
P=1xV (4.13)

where: P = wire power (W), | = current (A), V = potential difference (V).

4.2.8 Design and installation of solar electricity system

Solar panel tilt angle

In this study, the optimum adjustable and fixed tilt angles of solar panel were estimated
by using Typical Meteorology Year (TMY) data set for the province of Ankara. Five
different tilt angle types were considered for tilt angle configurations. These
configurations are monthly, seasonal (four times a year, Season -1 = January — March,
Season-2 = April — June, Season — 3 = July — September, Season — 4 = October -
December), semi-annual (twice a year 1% — half = January — June and 2" — half = July -
December), optimum fixed and latitude angle. A MATLAB computer program was
used to determine different configurations related to solar panel. The flow chart of a
MATLAB program written for this purpose is given in figure 4.12.
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Power requirements

According to assessment form given in table 2.2, the required energy for aeration

system was calculated by taking rated power of pump as 300 W, critical working time

interval (critical oxygen shortage hours 03:00 to 06:00 am = 3 hours) and safety factor

(1.2 - Foster et al. 2010). Daily total energy requirement was determined as 1080 Wh as

given at table 4.3.

Table 4.3 Daily total energy requirement for pump

a b C d e f=cxdxe
Load Number Power Daily working | Safety | Daily energy need
consumption | hours (h/day) factor* (Wh/day)
(W)
Pump 1 300 3 1.2 1080
Total load 1 300 1080

*(Foster et al. 2010)
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Read data from TMY data sct
e Beam radiation
e Diffused radiation
e Latitude and longitude
o Time zone

4

Change data to appropriate unites and
define additional variable
e Convert angles to degrees
e Define standard dates of the year —»|
o Define standard hours of the day
o Define standard meridian
® Define solar time

Determine the solar
angles

e Angle of tilt (1:90)

e Angle of declination

e Solar hour angle

e Angle of incidence

Determine solar radiations
e Hourly radiations
e Daily radiations
e Monthly radiations
e Seasonal radiation
e Annual total radiation

b £

Select optimum angles
e Single fixed
e Semi annual adjustable
e Seasonal adjustment
e Monthly adjustment

A

A4

Display and save outputs
e Optimum angles on GUI window
e The maximum radiations on an Excell sheet
e Plot the monthly radiations for different tilt
angle types

END

Figure 4.12 Flow chart of MATLAB program for optimum tilt angle determination
In order to meet daily total energy requirement of 1080 Wh, the capacity of battery must

be more than 88.2 Ah. In this study, two gel batteries of 100 Ah (12 V) each connected
in series were used (Table 4.4).

47



Table 4.4 Calculated and chosen battery capacities

Battery Np \ Nb™ &* | Battery capacity calculated (Ah)
Gel typedeepcycle | 2 |12V | 0.85 0.6 88.2
Battery selected
Gel typedeepcycle | 2 | 12V - - 100
Connection (serial) | - |24V - - 100

* (Foster et al. 2010)

In order to calculate photovoltaic panel nominal power, two scenarios for sunshine
hours were defined. The critical sunshine hours were taken as 5.4 h and 3.6 h for
Ankara and for Scenario | and Il, respectively. Nominal powers of panels were
determined as 200 W and 300 W, respectively (Table 4.5). By taking sizing results
determined for pump, solar panel, batteries, charge control device and pump controller,
electrical connections of the aeration system are schematically given in figure 4.13.

Table 4.5 The designed photovoltaic panel nominal power values for aeration system

| Scenariol |  Scenario Il
Daily total energy requirement = 1080 Wh/day
Design results
Critical sunshine hours (h) 4.0* 5.4*
Panel nominal power calculated (W) 270 200

PV panels selected

Panel type Monocrystalline Polycrystalline
Panel number 2 1

Panel nominal power (W) 150 245
Total panel power (W) 300 245
Panel slope (°) 24 0

Panel orientation South Horizontal

* Anonymous 2015: http://www.eie.gov.tr/MyCalculator/Default.aspx
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(1) Submersible pump, (2) PV panel, (3) Battery, (4) Charge centroller, (5) Float,
{6) Relay card, (7) Volt - current sensor, (8). Arduino Uno board, (9) Pump controller

Figure 4.13 Schematic representations of electrical connections of the aeration system

4.3 Prototype Development

Two different prototype aeration systems, Prototype | and Prototype |1, were developed,
designed, and constructed. Main differences of Prototype | and Il are given as summary

in table 4.6.

Table 4.6 Main differences of Prototype | and 11

Measurement device

Water temperature sensor

Prototype | Prototype 11
Type Stationary Mobile (floating)
PV solar panel 300 W fixed, tilted 245 W mobile, horizontal
Battery 100 Ah @ 24 V, fixed 100 Ah @ 24 V, mobile
Pump 300 W 300 W
. 1x%x1” 1x%x1”
Venturi 4 venturi 4 venturi
DO probe DO probe

Water temperature sensor
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In Prototype | aerator system, only pump and venturi injectors were designed as floating
on water inside the pool. Other components including solar energy system pump
controller and sensors were fixed next to the water pool. Solar panels were installed

with optimum tilt angle facing to the south.

In Prototype 11, all components of aeration system were attached on a floating platform.
PV solar panel was horizontally bolted on floating platform. For both prototypes a relay
board connected between pump controller and Arduino board as shown in figure 4.13

was used for automatic control of Prototype aeration systems.

4.4 Experimental Planning

The main outdoor experimental and test activities were conducted by using the
experimental pool on a roof of the building of the Department of Agricultural

Machinery and Technologies Engineering of Ankara University shown in figure 4.1.

Firstly, airflow tests of aeration system were performed. Furthermore, pH and EC levels

of pool water were also measured during plastic pool experiments.

Secondly, Prototype | was designed and installed according to results of airflow tests.
The performance characteristics of Prototype | aeration system were determined in

experimental pool conditions.

Thirdly, after designing and installing of Prototype Il, it was tested in the experimental

pool conditions.

Finally, Prototype Il was tested in trout fishponds shown in figure 4.14 at Ankara
University, Fishery Products Research and Application Centre in Cifteler (Eskisehir).
During experiments, two identical fishponds with size 6 x 10 and at depth of 0.7 m were
used. The Prototype aeration system was installed in one of the fishponds, the other

fishpond was used for comparison purpose.
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Rainbow trout of around 2600 having an average weight of 140 g in each pool were put.
Feeding regime and all cultural processing were simultaneously applied. Prototype Il
was operated for five days between 20/07/2015 to 24/07/2015.

Figure 4.14 Fish ponds used during the field test

The test plan applied in this dissertation is given in table 4.7.
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Table 4.7 Experimental planning, targets and variables

Experiments | Target Variables Tests
1 Venturi selection and design e Vacuum [-1, +1 bar] 3
2 Venturi system design and e Vacuum 20

Diffusor design o Air distribution in water (observation)
3 Determination of air-water flow o Air velocity [1, 2.5 m/s] 6
characteristics o Pump flow rate [0-5 m*/h]
e Pressure [0, 3 bar]
e Power consumption [75, 300 W]
4 Development of electronic sensing e DO sensor [0 — 32 mV] 3
board e Temperature sensor [0-50°C]
5 Development of power e Current [0, 12.5 A] 3
measurement board e Voltage [24, 25 VDC]
6 Determination of performance ¢ DO [0, 10 mg/L] 6
parameters e Water temperature [18, 25°C]
¢ SOTR e Water: pH [5-7.1], EC [0.1-0.3 mS/cm]
e SAE e Current [0, 12.5 A]
e SOTE e Voltage [24, 25 VDC]
e Power [75, 100, 150, 200, 250, 300 W]
7 Saturation - time tests for aerator ¢ DO [0, 10 mg/L] 6
e 70 % e Water temperature [18, 25°C]
¢ 80 % e Current [0, 12.5 A]
* 90 % e \/oltage [24, 25 VDC]
8 Setting up of solar energy system ¢ Panel slope [0, 24°] 1
e Installing and Construction
9 Making electrical connections e Solar panel: 2 x 150 W 1
¢ Panel — charge controller e Solar panel: 1 x 300 W
e Battery — charge controller e Battery: 4 x 100 Ah @ 12 V
e Pump — pump controller e Charge controller (24 V @ 50 A]
e Battery— pump controller e Pump [300 W, 24 V]
o Panel - battery current [0, 15 A]
e Pump - battery current [0, 12.5 A]
¢ Panel voltage level [0, 28 V]
e Battery voltage level [21, 25 V]
10 Prototype development ¢ PV panel tilted [2 x 150 W] 1
e Prototype | e Battery [2 x 100 Ah @ 12 V]
e Pump [75 — 300 W]
e 4 Venturi [1”x %7 x 17]
¢ DO [0, 10 mg/L]
o Water Temperature [18, 25°C],
11 Prototype development e PV panel horizontal [1 x 245 W] 1
e Prototype Il ¢ Battery [2 x 100 Ah @ 12 V]
e Pump [300 W]
o4 Venturi [1”x %7 x 17]
¢ DO [0, 10 mg/L]
e Water temperature [18, 25°C]
12 Pool experiments e Prototype | and Il 10
13 Fields experiments e Prototype Il 5




5. RESULTS

The design and construction of the aeration system was carried out based on the light of
experience from theories reviewed and applications obtained throughout the thesis

work.

To realize the objectives of the research, a number of studies mainly water air flow
dynamics of pumps and venturies, solar energy systems, data acquisition and
automation etc. were put through.

5.1 Modeling and Simulation Results
5.1.1 Solar insolation model

From the optimum adjustable and fixed tilt angle simulation work, the total annual
energy to be collected by the five different tilt angle arrangements for Ankara were
obtained.

Total annual energy that can be collected by using a tilt angle equals to the latitude of
the area is 1773 kWh/m? Energy to be collected by monthly adjustment , seasonal
adjustment , twice a year adjustment and optimum fixed arrangement of panel tilt
angles are 6.9%, 6.3%, 4% and 3.8% more than the energy that can be collected by tilt

angle equal to latitude angle, respectively.

A graph of monthly solar insolation that can be collected under Ankara conditions for

the different tilt angle configurations is given in figure 5.1.

The optimum angles obtained for Ankara for the four types of adjustments that

maximizes insolation collection are given in table 5.1
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Figure 5.1 Monthly solar insolation (kWh/m?) for different collector tilt angles for

Ankara

Table 5.1 Optimum tilt angles for Ankara

Adjustment Type Angle (degrees)
January 53
February 43
March 32
April 21
May 10

Monthly June S
July 8
August 18
September 31
October 44
November 52
December 51
Season - 1 41
Season - 3 18
Season - 4 48

st

Half yearly 1% half 21
2" - half 28

Yearly Single fixed 24
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5.1.2 Venturi ANSYS model

The ANSYS model of the 17 venturi was carried out by assuming a pump of 5 m*h
flow rate capacity and 5 m head to pump water into the venturi water entrance end. As a
result of this the air suction capacity of the venturi ANSYS model output are given in
figure 5.2 to figure 5.4. From the graphs of velocity and pressure distributions of flow
shown in figure 5.2 and 5.3, it can be seen that velocity increased up to 5.9 m/s, but the
pressure dropped up to -2.0 Pa at venturi throttle point. This means that, air can be
sucked from the atmosphere by using the venturi considered in the simulation with the
above mentioned pump type due to the fact that a pressure below the atmospheric
pressure is obtained.

The air volume fraction that can be sucked by the system throughout the venturi length
was obtained from the ANSYS modeling as shown in figure 5.4 below. The maximum
air volume fraction after air is mixed with water was around 0.18. This means that the

venturi can yield an 18% air by volume of water - air mixture.

Velocity (m's)

\ 4

-0.04 -0.02 0 0.02 0.04 0.06
X {(m)

Figure 5.2 Velocity distribution of flow throughout the venturi length
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-0.04 -0.02 0 0,02 0.04 0.06
X{m)

Figure 5.3 Pressure distribution of flow along the venturi length

A

Pressure (Pa)
0.1 0.15

05

-0.04 -0.02 0 0.02 0.4 .06
X (m)

Figure 5.4 Air volume fraction along the venturi length
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According to the modeling results obtained from ANSYS fluent package, it was
concluded that venturi can be used for aeration. One can also conclude that a pump with

a flow rate of 5 m*/h and a head of 5 m can be used to construct a prototype aerator.

5.2 Venturi Selection

In order to select the best venturi size among the available ones in the market, water —
airflow experiments were performed at a test stand shown in figure 4.7. By running a
pump with DC power supply, the magnitude of vacuum created for each venturi size
was obtained via measurement. The vacuum levels for Vi, V, and V3 venturi injectors
measured at point (2) of figure 4.6 were -1.0, bar, -0.8 bar and -0.6 bar, respectively.
Because of this, the venturi with maximum vacuum V; was selected as it is suitable for

the pump capacity used in this research.

Following the selection of venturi size, venturi injectors connected in parallel and series
were experimented for maximum air suction purpose. From the experiments, the
following results were obtained:
e The performance of venturi injectors connected in series was lower than a single
venturi performance.
e Venturies connected in parallel yielded better performance.
e Three venturi injectors connected in parallel-performed better that two venturies
connected in parallel.
e Four venturies connected in parallel performed better than three venturies
connected in parallel.
e The number of venturies connected in parallel could be increased in line with the

pump capacity to increase air suction volume.

5.3 System Design and Construction Results

After determining suitable venturi size, many experimental studies were carried out to

develop an efficient venturi, pump and pipes arrangement. During the research, it was
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found that the pressure loss was an important factor in the design of venturi aeration

system.

The following points were observed to play an important role at the appearance of an
innovative venturi aerator design.

¢ Reducing pressure losses by making connections in line with pump outlet,

¢ Reducing pressure losses by using reduction fitting at later connections,

e Determining the suitable venturi number with pump capacity.

o Designing a diffuser with suitable diameter to reduce air bubble diameter, so as to

increase the amount of oxygen to be dissolved in water

The final configuration of venturi type air injection system developed is given in figure
5.5.

1. Submersible pump (Lorentz C-5J5-81)
2. Ventun (1" x %" x 1%)

3. Pipe nipple (1% x 1%")

4. T-pipe fitting (1% x 1% x 1%")

5. Pipe nipple reduction (1% x 1 ")
6.T-pipe fitting (1 x 1 x17)

7. Pipe nipple(1 x 1)

8. Elbow pipe (1 x1°7)

9. Plain pipe (1"x 1" x 0.6 m)

10. Diffuser (1" x 3/8")

Figure 5.5 Configuration of the developed venturi type - air injection system

5.3.1 Prototype |

Prototype | aeration system consists of a floating part on water and a fixed part installed
outside of water body. The floating part consists of flotation panel, submersible pump,

venturi injectors, pipe fittings and connection elements. The fixed part includes two
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solar panels, two batteries, galvanized steel profiles, charge controller, pump controller
and connection elements. As shown in figure 5.6, two polystyrene boards, originally
constructed for wall insulation, with a sizes of 0.6 m x 0.6 m and thickness of 50 mm
was used as a flotation panel. Two steel plates with sizes of 0.3 x 0.3 m were used to fix
the board together. The submersible pump was bolted by using brace clamp profiles,
bolts and nuts to a hole drilled at the center of floating system (Figure 5.6).

In Prototype I, two mono-crystalline panels of each 150 W were used as a power supply
of aeration system. The two PV panels were connected in series for power of 300 W.
PV panels were mounted on adjustable galvanized steel profiles with a tilt angle of 24°
(optimum fixed tilt angle for Ankara) facing south as shown in figure 5.7 (a).

Figure 5.6 Prototype aeration system

a. Prototype I: Venturi injectors and pump, pipe fittings connections b. Pool experiment for Prototype |
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(1) Battery (100 Ah @ 12 V)
(2) Charge controller (24 V a 50 \)
(3) Pump controller ( 24V, PA\WNI)

Figure 5.7 Energy system for prototype |

a. Adjustable tilted solar panel b. Solar power box and connections

The energy obtained from the two solar panels was stored in two gel batteries of each
100 Ah @ 12 V shown in figure 5.7 (b). Batteries were connected in series to each other
so that electrical energy could be stored at a nominal voltage of 24 V. A charge
controller was connected between solar panels and battery to protect the batteries during
recharging and discharging. Devices such as batteries, charge controller, pump
controller were put in waterproof metal housing. The cross sectional area of electrical
cables used between panels - charge controller and the charge controller - the pump
controller is 4 mm? The cross sectional area of cables used to connect the two batteries,
and for the connections between battery and charge controller is 16 mm? (Figure 5.7b).

5.3.2 Prototype Il

Rigid polyurethane foam sandwiched between two corrugated metal plates was used as
a floating platform (Figure 5.8). This platform with a size of 1.5 x 1 x 0.2 m was
designed in the manner that all components of aeration system will be securely installed.

A hole of 120 mm diameter was drilled at the center of the platform for the placement
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of the pump. Pump and batteries were fixed on the platform by using galvanized steel
hinges, bolts and nuts. Floating platform side faces which are not covered with metal
plates were coated with UV-stabilized polymer paint to protect the surfaces from

adverse effects of water and sun light.

In Prototype Il, one poly-crystalline panel of 245 W was used as power supply of
aeration system. The energy obtained from the solar panel was stored in two batteries
like that of Prototype I. The batteries were fixed on the floating panel in such a way that
the center of gravity of the whole system to be at the center of the system as shown in
figure 5.9. Waterproof control boxes were connected vertically on the steel profiles. The
total weight of components placed on the platform is approximately 100 kg.

To obtain higher water - air mixing capacity by means of smaller air bubbles, multiple
diffusors exit diameters were tested. Finally, the best nozzle diameter of diffusor was

determined as 11 mm diameter (Figure 5.5).

Figure 5.8 Floating platform constructed for Prototype |1
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Figure 5.9 Assembling the components of Prototype Il

5.3.3 Electronic measurement and control unit

An electronic control system was constructed by using an Arduino microcontroller, DO
and temperature sensors (Figure 5.10). Electronic control unit was programmed
according to the critical DO levels, 4 mg/L< DO < 6 mg/L, for trout species. Figure
5.11 shows LabView interface to monitor the real time operation of aeration system
during the experimental study. Figure 5.12 shows the algorithm of the automatic control
system developed based on Arduino platform.
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Figure 5.11 LabView interface of aeration system
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Figure 5.12 Algorithm of automatic control for Prototype Il aeration system
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5.3.4 Power-meter unit

A power meter was developed by using Arduino Uno, current and voltage sensors.
Measured DO, temperature, voltage, current and power data were monitored and
recorded by using LCD shield and SD shield for data processing and monitoring (Figure
5.13). All data were stored at one-minute intervals with the help of a real time clock for

time stamp.

Figure 5.13 Aeration system power meter with SD-RTC- LCD shields

5.4 Meteorological Data

Pool experiments were conducted under the environmental conditions given in table 5.2.
Figure 5.14 shows total solar radiation data, as well as water and air temperature data
measured during experiments. Total solar radiation changed between 500 and 800
W/m?, air temperature changed between 20 and 24°C, and water temperature changed
between 18 and 22°C during experiments. Figure 5.15 shows a sample text file taken

from data recorded by CR1000 data logger.
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Table 5.2 Environmental data during performance tests

Tests Tw(°C) T.(°C) RH (%) I, (W/m°) Pam (kPa) Vyy (M/S)
1 18 21 59 500-800 91.9 2.3
2 22 24 52 650-900 91.9 1.2
3 18 20 40 200-550 91.9 2.3
4 18 20 41 300-600 91.9 2.2
5 21 22 55 700-900 91.7 0.9
6 21 22 60 650-850 91.7 0.5
1000
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Total solar radiation (W'm?)
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Figure 5.14 Total solar radiation, water and air temperature data
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Figure 5.15 Sample data recorded by CR1000 data-logger

5.5 Pool Water Conditions

In addition to the meteorological measurements, the pool water conditions were
measured throughout the pool experiments. Figure 5.16 shows the pool test stand and
devices used at experiments during testing aeration system in the pool. During
performance tests, pool water data such as water temperature, DO concentration, pH
and electrical conductivity (EC) were measured. The measured pool data are given as a

summary in table 5.2. The daily changes of water temperature are given in figure 5.14.

Table 5.2 Experimental conditions in water pool

De-oxygenation | Re-oxygenation
Before After After
DO (mg/L) 8-10 |0.3-05 8.0-9.0
pH 7.1 5.0
EC, (mS/cm) 2.0 3.0
Water temperature (°C) 18-22
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Figure 5.16 Experimental pool test stand

1.Anemometer, 2. DO probe, 3. Water temperature sensor, 4,7. pH probe-device,
5,6. EC sensor-device, 8. Measurement card (Temperature — DO), 9. Arduino Uno

5.6 Test Results

Two prototype aeration systems, Prototype | and Prototype Il were tested one by one in
plastic pool shown in figure 5.17 (a) and (b). Pool experiments include water-air flow
and aerator performance tests. Both water-air flow and aerator performance tests were
conducted with six power regimes of the pump including 75, 100, 150, 200, 250, and
300 W.
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Figure 5.17 Prototypes pool tests
a. Prototype I, b. Prototype 11
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5.6.1 Water — Air flow data

Water flow rate and venturi suction air velocity were measured by using water flow
meter and hot wire anemometer respectively at test assembly shown in figure 5.18 and
figure 5.19 for six different power regimes (75, 100, 150, 200, 250 and 300 W). Power

measurements were performed by using power meter shown in figure 5.13 of page 61.

Figure 5.18 Water-flow rate and vacuum measurements

During the aeration system flow measurements, the performance of all the four
venturies in the system gave similar vacuum level (- 1.0 bar) and air suction speed. The
airflow rates were calculated from measurement data for single venturi and four
venturies as shown in table 5.3. It presents water flow rates (Qu), air velocities (v,), air
flow rates (Qa.) provided for different power consumptions (P). When operating the
pump at power levels between 75 and 300 W, water flow rate changed between 3 and 5
m3/h and air velocity measured with the help of the hot wire anemometer changed
between 1 and 2.3 m/s. Airflow rates calculated for a system with single venturi
changed between 0.82 — 1.88 m*/h, and between 3.27 — 7.51 m%h for a system with four

venturi injectors.
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Figure 5.19 Air suction velocity measurement by using hot wire anemometer

Table 5.3 Measurements taken during water and airflow tests

P (W) QW (mSIh) Va (m/S) Q a, single (malh) Q a4 (malh)
75 3.0 1.0 0.82 3.27
100 3.6 13 1.06 4.25
150 4.0 15 1.23 4.90
200 4.5 17 1.39 5.55
250 4.7 2.0 1.63 6.53
300 5.0 23 1.88 7.51

5.6.2 Dissolved oxygen concentration data

Firstly, Prototype | was tested based on the ASCE standard to determine standard
performance parameters under different pool conditions and power regimes. Test
procedure including de-oxygenation and re-oxygenation processes is shown in figure
5.20 as an example for the power consumption of 150 W. As it can be seen from figure
5.20, the de-oxygenation process takes approximately 10-15 minutes after the addition

of oxygen removal chemicals. The oxygen concentration decreases up to nearly zero.
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However, the re-oxygenation process takes longer time that that of the de-oxygenation

process. DO concentrations were measured in 1 minute time intervals.
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Figure 5.20 DO variations with time for de-oxygenation and re-oxygenation processes

Figure 5.21 shows dissolved-oxygen variation with time for different power regimes
during re-oxygenation processes. As it can be seen from the graph, the lower the power
consumption the longer is the time required to reach equilibrium concentration. DO
concentrations and the elapsed times for saturations of 70%, 80% and 90% at different

power regimes are presented in table 5.4.
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Figure 5.21 Variations of time versus DO for different power consumptions

Table 5.4 DO and the elapsed time* (minutes) for saturations of 70%, 80% and 90%

DO (mg/L)

Power (W) 0% 80 % 90 %
75 6.3 (65) 72 (82) 8.1 (110)
100 6.1 (38) 6.95 (43) 7.8 (64)
150 5.9 (23) 6.7 (25) 7.6 (34)
200 6.0 (22) 6.85 (24) 7.7 (30)
250 6.1 (21) 70 (22) 7.9 (29)
300 6.1 (20) 6.9 (21) 7.8 (28)

~* Values in the parentheses at right side indicate as minute of time elapsed

The elapsed times were between 28 and 110 minutes for the minimum and maximum
power consumptions, respectively, while reaching from zero to 90% DO saturation
concentration. At input power of 300 W, the elapsed times for saturations of 70%, 80%
and 90% took 20, 21 and 28 minutes, respectively. The full DO data obtained during the
performance test for 150 W power with their oxygen deficit and natural logarithmic
values (to be used for performance characteristics determination by using the graphical

method) is given in table 5.5.
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Table 5.5 Results of an aeration test for P = 150 W at pool scale of 4 m*

Time Elapsed (min) DO (mg/L) Oxygen deficit (mg/L) | Ln (Oxygen deficit)
1 0.45 8.15 2.10
2 0.51 8.09 2.09
3 0.65 7.95 2.07
4 1.20 7.40 2.00
5 1.64 6.96 1.94
6 1.80 6.80 1.92
7 1.83 6.77 1.91
8 2.44 6.16 1.82
9 2.54 6.06 1.80
10 3.10 5.50 1.71
11 3.22 5.38 1.68
12 3.43 5.17 1.64
13 3.80 4.80 1.57
14 4.03 4.57 1.52
15 4.24 4.36 1.47
16 4.56 4.04 1.40
17 4.63 3.97 1.38
18 5.03 3.57 1.27
19 5.17 3.43 1.23
20 5.42 3.18 1.16
21 5.65 2.95 1.08
22 5.81 2.79 1.03
23 6.10 2.50 0.92
24 6.24 2.36 0.86
25 6.39 2.21 0.79
26 6.76 1.84 0.61
27 6.80 1.80 0.59
28 6.97 1.63 0.50
29 6.98 1.62 0.48
30 7.03 1.57 0.45
31 7.27 1.33 0.29
32 7.31 1.29 0.26
33 7.42 1.18 0.17
34 7.53 1.07 0.07
35 7.59 1.01 0.01
36 7.82 0.78 -0.248
37 7.83 0.77 -0.261
38 7.90 0.70 -0.357
39 8.01 0.59 -0.528
40 8.17 0.43 -0.844
41 8.19 0.41 -0.892
42 8.39 0.21 -1.561
43 8.49 0.11 -2.207
44 8.60 0.00 -
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5.6.3 Overall oxygen transfer coefficients

In order to determine the overall oxygen transfer coefficient of aerator, the graphical
method shown in figure 4.10 was applied. For this purpose, data of logarithmic oxygen
deficit were calculated by using equation (4.2). The graph of the elapsed time versus
logarithmic oxygen deficit is shown in figure 5.22. For better accuracy, data below 20%
and above 80% of measured oxygen concentrations were truncated (Figure 5.20 and
Figure 5.22). For input power of 150 W, DO concentrations at saturations of 20% and
80% were 1.72 mg/L and 6.88 mg/L, respectively (In[1.72] = 0.542; In[6.88] = 1.929).
The elapsed times for these saturations were 6 and 28 minutes, respectively. The time
difference was 22 minutes and logarithmic oxygen deficit was 1.387. The overall
oxygen transfer coefficient that is the ratio logarithmic oxygen deficit to time difference

or the slop of the line in the graph was calculated as 0.0635 min™.

2.5

log OD = -0.0635x + 2.3362
R?=10.986

: B T L L R R 20 9% saturation

log oxygen deficit

0 10 20 30 40 50
Elapsed Time (minutes)

Figure 5.22 Logarithmic oxygen deficit graph for an input power of 150 W
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Standard oxygen transfer coefficients (K ,)r corrected by using equation (4.3) were
calculated. For different water temperatures, coefficients (K )t at power inputs are also
given in table 5.6. Oxygen transfer coefficients (K_,)t changed between 1.1 and 5.55 h
! Standard oxygen transfer coefficient ((K.s)7) changed between 1.15 and 5.42 h™. It is

observed that oxygen transfer coefficient increases as power increases.

Table 5.6 Oxygen transfer coefficients

P (W) Tw (°C) Kiar (min™) Kear (W) Krazo (h7)
75 18 0.0183 1.10 1.15
100 22 0.0397 2.38 2.27
150 18 0.0630 3.78 3.96
200 18 0.0693 4.16 4.36
250 21 0.0815 4.89 4,78
300 21 0.0925 5.55 5.42

Results related to oxygen transfer coefficients obtained in this research were compared
with results of a study conducted by Dong et al. (2012) for venturi arrangements given
in figure 3.4. According to Dong et al. (2012)’s six different venturi arrangements for
input power of P=1500 W, K, oxygen transfer coefficients are between 3.31 h™ and
12.92 h™™. According to Kumar et al. (2014)’s study for input power of P=360 W, K,

oxygen transfer coefficient is 1.53 h™ for propeller aspirated pump (PAP) aerator.

5.6.4 Performance test results

Data obtained from aeration performance tests shown in figure 5.23 a, b were used for
calculating SOTR, SAE and SOTE. Aerator performance parameters were first
obtained for nonstandard conditions (experimental conditions) and changed to standard

performance values.
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Figure 5.23 Prototype performance test a. prototype I and b. prototype 11
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Standard performance parameters
Performance parameters including standard oxygen transfer rate (SOTR), standard
aeration efficiency (SAE) and standard oxygen transfer effectiveness (SOTE), which are

accepted by ASCE, were determined for power consumptions of aerator (Table 5.7).

Table 5.7 Standard performance parameters of aerator

Power consumption (W) | SOTR (kgO./h) SAE (kg O,/kWh) SOTE (%)
75 0.042 0.560 4.7
100 0.082 0.820 7.0
150 0.144 0.960 10.7
200 0.158 0.790 10.3
250 0.174 0.696 9.6
300 0.197 0.657 9.4

SOTR values varied between 0.042 kg Oy/h for 75 W and 0.197 kg Oy/h for 300 W.
SOTR values increased with an increase in input power (Figure 5.24). However, SAE
values increased from 0.56 kg O,/kWh to 0.96 kg O,/kWh, and then decreased to 0.66
kg O./kWh (Figure 5.24). The highest SAE values were obtained for 150 W of input
power. SAE value at the maximum power of 300 W was 0.66 kgO,/kwWh. SOTE
changed from 4.7% to 10.7% in parallel with SAE (Figure 5.25).
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Figure 5.24 Variations of SAE and SOTR with power
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Figure 5.25 Variations of SAE and SOTE with power

SOTR and SAE values according to input powers for different aerator types (V: venturi,
PAP: propeller aspirator pump, PCSC: pooled circular stepped cascade pump, CSC:
circular stepped cascade pump, PW: paddle wheel) are presented in table 5.8. By
comparing the results for different power regimes, it can be seen that performance
values of the developed aeration system are higher than results obtained by Zhu et al
(2007), Kumar et al. (2010), Dong et al. (2012), Kumar et al. (2013) and Kumar et al.
(2014) for other all aerators excluding paddle wheel (PW) surface type aerator.
Furthermore, SOTR values are between 0.055 kgO,/h (Module 3) and 0.204 kgOy/h
(Module 6), SAE values are between 0.082 and 0.306 kgO,/kWh for different venturi
module configurations given by Dong et al. (2012) as shown in figure 3.4. For input
power of P=1500 W, the best SOTR and SAE values of Dong et al. (2012) are 0.306
kgO,/h and 0.204 kgO,/kWh, respectively. For input powers of P = 150 W and P = 300
W, SAE values of the present aeration system are five times and three times higher than
those of Dong et al. (2012), respectively.
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Table 5.8 Comparisons of SOTR and SAE according to input power aerator types

Sources Aerator type | P (W) | SOTR (kg O,/h) | SAE (kg O,/kWh)
Prototype I V 150" 0.144 0.960
Prototype I* \Y 300° 0.197 0.660
Prototype II? V 300° 0.200 0.670

Zhu et al (2007) \ 1500 0.100 0.070
Zhu et al (2007) \ 1500 0.220 0.140
Kumar et al. (2010) PAP 361 0.150 0.420
Dong et al. (2012) \Y 1500 0.306 0.204

Kumar et al. (2013) PCSC 186 0.161 0.867

Kumar et al. (2013) CSC 186 0.135 0.726

Kumar et al. (2013) PW 746 2.600 3.485

Kumar et al. (2013) PW 1492 5.000 3.351

Kumar et al. (2013) PAP 1492 0.454 0.304

Kumar et al. (2014) PAP 400 0.112 0.280

Kumar et al. (2014) CSC 160 0.135 0.844

a. Aerator developed in this dissertation
b. Input power was adjusted as P = 150 W

c. Full power.

Typical performance parameters

In addition to the standard performance parameters given above, all the typical
performance parameters were calculated from measurement results by using application
model defined in figure 4.11. Firstly, water flow rate of pump and air flow rate of
venturi were measured. Table 5.9 shows water temperatures (T,,), atmospheric pressure
of location (Psm),water flow rate (Qu), total oxygen mass flow rate (m,), oxygen

transfer rate (OTR), oxygen transfer factor (OTF) and oxygen utilization effectiveness

(n) for different power regimes.

Table 5.9 Typical performance parameters determined for prototype aerator

P Tw Patm Quw m, OTR OTF n
(W) (°C) (kPa) (m*h) (kg O,/h) (kg O,/h) (kg O,/kWh) (%)
75 18.2 91.9 3.0 0.913 0.0378 0.504 4.14
100 21.9 91.9 3.6 1.188 0.0754 0.754 6.35
150 18.0 91.8 4.0 1.370 0.1299 0.866 9.48
200 18.1 91.9 4.5 1.551 0.1430 0.715 9.22
250 20.9 91.7 4.7 1.827 0.1582 0.633 8.66
300 21.0 91.7 5.0 2.102 0.1796 0.599 8.54
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When circulating water with flow rate of 5 m*h at a power level of 300 W, the velocity
of air entering the venturi was 2.3 m/s that, the airflow rate was 1.88 m*/h for. The total
air mass flow rate by the four venturies was 9 kg per hour; total oxygen mass flow rate
was 2.1 kg/h. The oxygen injection efficiency of the aeration system was 7 kg O2/kWh.
The oxygen transfer rate was 0.18 kg O,/h, the oxygenation efficiency was 0.6 kg
O,/kWh. Oxygen utilization effectiveness was 8.5% (for 300 W power). From the total
oxygen injected by venturi aeration system, only 4% to 9.5% of it was transferred into

water for different power inputs. The rest was discharged into the atmosphere.

Figure 5.26 shows volumetric water flow rate versus variations of air mass and oxygen
mass flow rate. Figure 5.27 shows changes in oxygen transfer rate and oxygen transfer
factor according to volumetric water flow rate. Figure 5.28 shows changes in oxygen

mass flow rate and oxygen injection factor according to power.
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Figure 5.26 Changes in air mass and oxygen mass flow rates according to volumetric
water flow rate
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Energy consumption

The energy consumption per kg of DO production for the Prototype aerator was
calculated in kWh and MJ. According to power inputs and water flow rates, changes in
energy consumption are presented in table 5.10. Energy consumptions of aerator system

developed in this dissertation varied between 4.2 and 6.0 MJ of energy per kg O;.

Table 5.10 Energy consumptions of venturi type aerator

P (W) [Qu (m%h) | OE (kg OJKWh) | EC (kWhikg O,) | EC (MJ/kg O,)
75 3 0.504 1.08 7.14
100 3.6 0.754 1.33 477
150 4 0.866 1.15 4.16
200 45 0.715 1.40 5.03
250 47 0.633 1.58 5.69
300 5 0.599 1.67 6.01

5.6.5 Trout fish farm test findings

Protype 11 (floating platform aeration system) was tested in between 20-24 July 2015 at
trout production ponds in Cifteler of Ankara University (Eskisehir). Tests were made
using two similar ponds having sizes of 6 x 10 m at depths between 0.5 and 1 m.
Around 2600 Rainbow trout fish with an average weight of 140 g each were placed in
each pond. The Prototype aerator was placed in one of the ponds but the other pond was
used for control. Water temperature and DO concentrations were measured in both
ponds. Figure 5.29 shows fishponds and aerator used during the tests. Feeding regimes

and all cultural operations for both ponds were similar and performed simultaneously.

The average temperature and DO concentration of the water entering trout pond was
19.3°C and 4.23 mg/L, respectively. Figure 5.30 shows variations in water and air

temperatures. Figure 5.31 shows changes in DO concentration of both ponds.
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Figure 5.29 Prototype Il during field test
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Figure 5.30 Variations in water and air temperatures at pond environment
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Figure 5.31 Changes in DO concentration of the both ponds water
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The minimum concentrations of DO occur just before sun rise and the maximum
concentration is just before sun set. DO concentrations of the water in the entrance of
the canal were measured to be 3.5 to 6 ppm throughout one day. Due to the prototype

aeration system the DO concentration was observed to increase by 1.5 — 2.0 mg/L.

During the testing period it had been observed that, there were fish deaths in all non-
aerated ponds during the night time due to oxygen shortages. It had been observed that
between 3 to 12 fish dies overnight. Meanwhile fish deaths didn’t occurred in the

aerated pond during the test period.
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6. CONCLUSIONS and RECOMMENDATIONS

In commercial scale aquaculture, DO concentration and water temperature must be
always measured, and controlled. DO shortages usually occur few hours before sunrise.
DO concentrations have a direct effect on the degree of comfort of aquatic animals for
sustainable production with in high stocking densities in intensive aquaculture.
Anrtificial aeration requires for sustainable aquaculture production and preventing fish
deaths due to DO shortage.

The main objective of this thesis is to design and construction a prototype solar energy
driven venturi type - aeration system for fishponds. Furthermore, the system was
designed to be able to measure DO concentrations and temperatures of pond water at
real time and automatically control the operation of system.

Two prototype aerator systems based on nominal power of 300 W were designed:
Prototype | and Prototype Il. Prototype aerators were constructed based on theoretical
fundamentals and experimental results of aeration system in which critical points like

flow pressure and energy losses were taken into consideration.

Prototype | aeration system consists of a floating part and a fixed part. The floating part
involves flotation panel, submersible pump, venturi injectors, pipefittings and various
fasteners. The fixed part includes two solar panels of 300 W (2 x 150 W), two batteries

galvanized steel profiles, various fasteners, charge controller and pump controller.

It is difficult to reach every part of ponds for aeration from shore that the floating type
aerator is the best alternative. Solar PV panel driven floating type aerators will avoid

electric wirings and other connecting parts with the shore.

Prototype Il aeration system was constructed as a floating system. Prototype Il consists
of same components with Prototype I. However, components of all the system were
fastened on the floating platform made from polyurethane. In addition, one poly-

crystalline solar panel of 245 W was used for power requirement.
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The system can work as long as there is solar radiation during the day. Furthermore, it
can work continuously for 6 hours in the absence of solar radiation during the night.
This means that it can work for three days during the night for two hours per night or
two nights for three hours per night in the absence of any solar radiation during these

days.

Venturi type injectors were used for oxygen injection to suck air from the atmosphere
into water. These injectors work only due to hydrodynamic principles without any extra
mechanical components. According to modeling and experiment results, specific
solutions to minimize pressure losses were carried out during construction of the
system. In order to improve system efficiency, venturi arrangement and nozzle exit
diameter were determined. Pump - venturi arrangements and nozzle exit diameters were
taken in to account for efficient performance. The smaller the size of bubble diameter is
the larger the efficiency of aerator. The optimum nozzle - exit diameter was determined.
In addition, the minimum possible lengths of pipe as well as minimum connecting parts

are used for minimum pipe and fittings pressure losses.

Performance parameters including standard oxygen transfer rate (SOTR), standard
aeration efficiency (SAE) and standard oxygen transfer efficiency (SOTE), which are

accepted by ASCE, were determined for aerators developed as Prototype.

It has been understood from this project that an aerator with higher standard oxygen
transfer rate is not always the most efficient one when we consider its energy
consumption (standard aeration efficiency). As a result of this aerators can be operated
at high SOTR when energy is not a problem. For example, a solar or wind energy driven
aerator can work at its maximum oxygen transfer capacity during the times when wind
and solar radiation are in excess. But if there is energy scarcity it is better to operate at
the best SAE. For solar driven aerators the aerator can be on at maximum oxygen
transfer rate during the day time in the summer and it is better to operate it at its highest
standard aeration efficiency during the night and winter time.
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An oxygen transfer model was defined for aerators. The oxygen transfer rate (OTR),
oxygen transfer factor (OTF) and oxygen transfer efficiency (n) values were calculated

from measurement results.

During this dissertation study, it has been understood that the name standard aeration
efficiency (SAE) that is used almost in all literatures in the area of aeration does not
exactly match with its meaning. First of all the main parameter for the determination of
SAE is not air but oxygen, its unit is kg O,/kWh. Additionally, the word efficiency is
not an appropriate technical term. Efficiencies are usually expressed with no unit in
fractional number with a maximum ideal value of unity (it can also be expressed in
percentages). But for the case of SAE the value can be any value of above or below

unity. It is not also without a measuring unit.

Due to the above two reasons, it is recommended to re-name the SAE. In doing that the
term aeration must be replaced with oxygen and the word efficiency must be changed.
In this dissertation work it is suggested to use Standard Oxygen Transfer Factor (SOTF)
in place of SAE.

Aquaculture farms are usually far away from electric grids that, solar energy is the best
feasible alternative among other energy resources. One of the main problems of solar
energy in many fields of application is the fact that the availability of solar radiation
when it is needed. For example heating loads required and solar radiation magnitudes
are out of phase. That means heating of buildings is necessary during the winter time
but the solar radiation at winter times is low; but there is the highest solar radiation
during the summer where cooling is not necessary. Whereas aeration and solar radiation
availability are in phase that aeration is usually required during the months of June to

September where there is high solar radiation available during this time.

The designed solar energy floating type aerators can also be easily constructed for any
scale. This can be done by either selecting large sized components like the pump,

venturi solar panels battery etc. or by manufacturing multiple aerators of the same size.
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From the solar radiation modeling one can conclude that, installation of solar collectors
with optimum fixed tilt angles has a significant advantage in energy gain. More
Significant energy gain can also be harvested by making timely adjustments of angles of

tilt. The more number of the adjustments per year the better are the energy benefits.

From the ANSYS venturi model and experimental works, it can be concluded that a
venturi type aeration system fulfills satisfactory result for aeration of small and medium
fish farms for following reasons and advantage over other conventional aerator types:

e No any moving parts and no damage on fishes

e Low friction, low maintenance

e Designing for any size (small, medium, large)

e Low cost solution

e Low energy consumption

e Environmental friendly

e DO and water temperature measurement

e Automatic control.

From this research, it can be understood that dissolved oxygen measurement can be
successfully achieved by using cheaply available DO measuring probe and signal
conditioning circuit. The automation of aerators can be provided in a flexible way and
low cost by measuring DO and temperature levels via electronic platforms based on
ARM.

Generally, a full monitoring and control system can be implemented to fish farms and
for other areas where aeration is required. Since aeration process is affected by
environmental condition, the meteorology data need for efficient system monitoring and

control.

Medium and small scale farmers do not produce fish during the hot season due to the
fact that the hotter the water the lower is the dissolved oxygen content. But by

implementing an aerator, the fish production season can be increased. These aerator
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systems can also be used for prevention of algal blooming at both fishponds and natural

water areas.

The constructed type solar energy driven aerators can have additional advantages for
effluent treatment purposes when it is compared with aquaculture applications. This is
due to the fact that effluent treatment of factory wastes can takes please at any time
where there is energy available but DO shortages for fish farms are usually occurred

during night where the aerator will perform by battery powers.

Furthermore, very important application of this venturi type aerator is for purification of
ground waters to remove metals (Iron and Manganese) and unnecessary gasses. The
advantage of using it to this type of application is that the pump used in the system to
pump water out of the ground will also be used for aeration purpose at the same time,

that is, no need of additional power and additional pumping system.

91



REFERENCES

Ahmad, M.J. and Tiwari, G.N. 2009. Optimization of Tilt Angle for Solar Collector to
Receive Maximum Radiation. The Open Renewable Energy Journal, 2, 19 —
24.

Ann, T.L., John, J.S. and Linda, P.W. 2005. Iron and Manganese in Household
Drinking Water, Cornell Cooperative Extension, 3, New York USA.

Anonymous. 2007. Measurements of Oxygen Transfer in Clean Water. American
Society
of Civil Engineers (ASCE), Virginia, last accessed: 30/09/2013.

Anonymous. 2015. http://www.eie.gov.tr/MyCalculator/Default.aspx, last accessed:
13/12/2015.

Anonymous. 2014. The state of world fisheries and aquaculture. Rome, lItaly, last
accessed: 01/01/2015.

Anomymous. 2015. turbine aerator, http://www.oxyturbine.com/, last accessed:
30/08/2015.

Anonymous. 2015. Tirkiye su friinleri istatistikleri. http://www.tuik.gov.tr/, last
accessed: 01.08.2015.

Applebaum, J., Mozes, D., Steiner, A., Segal, I., Barak. M., Reuss, M. and Roth, P.
2001 Aeration of fish ponds by photovoltice power. Progress in photovoltaic

research and applications, 9, 295 — 301.
Boyd, C.E. 1998. Pond water aeration systems, Aquacultural Engineering, 18, 9-40.

Boyd, C.E. and Tucker, C.S. 1998. Pond aquaculture water quality management,

Kluwer Academic Publishers.

Boyd, C.E. and Watten, B.J. 1989. Aeration systems in aquaculture, Reviews in Aquatic
Science, 1: 425-472.

92


http://www.eie.gov.tr/MyCalculator/Default.aspx
http://www.oxyturbine.com/
http://www.tuik.gov.tr/

Brown T.W. and Tucker, C.S. 2014. Pumping Performance of a Modified Commercial
Paddlewheel Aerator for Split-Pond Aquaculture Systems, North American
Journal of Aquaculture, 76 (1), 72-78

Brown, T.W., Tucker, C.S. and Rutland, B.L., 2016. Performance evaluation of four
different methods for circulating water in commercial-scale, split-pond

aquaculture systems, Aquacultural Engineering, Volume 70 (1), Pages 33-41

Cancino, B., Roth, P. and Reub, M. 2004. Design of high efficiency surface aerators
part one. Aquacultural Engineering, 31, 83-98.

Chachuata, B., Rocheb, N. and Latifi, M.A. 2005. Optimal aeration control of industrial
alternating activated sludge plants. Biochemical Engineering Journal, 23,
277-289.

Coskun, F. 2014. Su iirtinleri yetistiricileri sektor raporu. Ankara.

Dong, C., Zhu, J. and Miller, C.F. 2009. Evaluation of six aerator modules built on
venturi air injectors using clean water test. Water science and technology,
IWA Publishing, 1353- 1359. Science

Dong, C., Zhu, J., Wu, X. and Miller, C.F. 2012. Aeration efficiency influenced by
venturi aerator arrangement, liquid flow rate and depth of diffusing pipes.
Environmental Technology, 33 (11), 289 — 1298.

Duffie, J.A. and Beckham, W.A. 2013. Solar Engineering of Thermal Processes. Wiley,
1- 178, New Jersey, USA

Floyd, R.F. 2011. Dissolved oxygen for fish production. Florida Cooperative Extension

Service, Institute of Food and Agricultural Sciences, New York, USA.

Foster, R., Ghassemi, M. and Costa, R. 2010. Solar Energy. Taylor and Francis Group:
CRC press, Chicago, USA.

Ghomi, M.R., Sohrabnejad, M. and Ovissipour, M.R. 2009. An experimental study of
nozzle diameters, aeration depths and angles on standard aeration efficiency (SAE)

in a venturi aerator. Water practice and technology, 4 (3), 1-8.

93


http://www.sciencedirect.com/science/article/pii/S0144860915300479
http://www.sciencedirect.com/science/article/pii/S0144860915300479
http://www.sciencedirect.com/science/article/pii/S0144860915300479

Kadzinga, F. 2015. Venturi Aeration of Bioreactors. Master’s thesis. University of Cape
Town, Cape Town, South Africa.

Keshavarz, S.A., Talebizadeh, P., Adalatia, S., Mehrabian, M.A. and Abdolzadeh, M.
2012. Optimal Slope-Angles to Determine Maximum Solar Energy Gain for
Solar Collectors Used in Iran. International Journal of Renewable Energy
Resource, 2, 665 — 673.

Kumar, A., Moulick, S., Singh, B.K. and Mal, B.C. 2013. Design characteristics of
pooled circular stepped cascade aeration system, Aquacultural Engineering,
56, 51— 58.

Kumar, A., Moulick, S. and Mal, B.C., 2014. Performance Evaluation of Different
Aeration Systems for Aquaculture, 2014 ASABE — CSBE/SCGAB Annual
International Meeting, Montreal, Quebec Canada, July 13 — 16, 2014 Paper,
Paper Number: 141902230, 1-12

Kumar, A., Moulick, S. and Mal, B.C. 2010. Performance evaluation of propeller-

aspirator-pump aerator, Aquacultural Engineering, 42, 70-74.

Laksitanonta, S. and Singh, G. 2003. Development of a Venturi Aerator for Aquaculture
Pond. ASAE Annual International Meeting, Las Vegas, Nevada, USA.

Lawson, B.T. 2012. Fundamentals of Aquacultural Engineering. Kluwer Academic
Publishers, Massachusetts, USA.

Lekang, O.1. 2013. Aquaculture engineering. John Wiley & Sons, New York, USA.

Liu, C., Li, S. and Zhang, F. 2011. The oxygen transfer efficiency and economic cost
analysis of aeration system in municipal wastewater treatment plant. Energy
Procedia, 5, 2437-2443.

Mallya, Y.J. 2007. The effect of dissolved oxygen on fish growth in aquaculture. UN-

Fisheries Training Program, Iceland.

94



Ma, W.X., Huang, T.L. and Li, X., 2015. Study of the application of the water-lifting
aerators to improve the water quality of a stratified, eutrophicated reservoir,

Ecological Engineering, Volume 83, Page: 281-290.

Moulick, S., Mal, B.C. and Bandyopadhyay, S., 2002. Prediction of aeration
performance of paddle wheel aerators. Aquacultural Engineering, 25 (4),
217-237.

Mueller, A.J., Boyle, W.C. and Popel, H.J. 2002. Aeration: Principles and Practice.
CRC Press, New York, USA.

Mukhtar, S., Borhan, M.S., Rahman, S. and Zhu, J. 2010. Evaluation of field scale
aeration system in an anaerobic poultry lagoon. Applied Engineering in
Agriculture, 26(2), 307-318.

Neelamegam, P., Kumaravel, S. and Raghunathan, R. 2008. Microcontroller Based
Distributed Monitoring System for Fresh Water Fish Aquaculture.
Instrumentation Science and Technology, 36: 515-524.

Parker, R. 2012. Aquaculture science, Delmar Cengage Learning, New York, USA.

Pearson, P.R. and Green, B.W. 2006. A Device to Continuously Monitor Dissolved
Oxygen and Temperature at User-Selected Depths and Locations in Culture
Ponds. North American Journal of Aquaculture 68:253-255.

Prasetyaningsari, A. and Setiwan, A.A. 2013. Design optimization of solar powered
aeration system for fish pond in Sleman Regency, Yogyakarta by HOMER
software, Energy Procedia, 32, 90 — 98.

Romaire, R.P. and Merry, G.E., 2007. Effects of Paddlewheel Aeration on Water
Quality in Crawfish Ponds, Journal of Applied Aquaculture, 19(3), 61-75.

Shammas, N.K. and Wang. L.K., 2016. Water engineering: hydraulics, distribution, and

treatment, John Wiley & Sons, Inc.

Siabi, W.K. 2008. Aeration and its application in ground water purification. 33rd
WEDOC International conference, Accra, Ghana.

95


http://www.sciencedirect.com/science/article/pii/S0925857415300926
http://www.sciencedirect.com/science/article/pii/S0925857415300926

Solpico, D.B. Libatique, N.J. Tangonan, G.L. Cabacungan, P.M. Girardot, G.
Macaraig,R.M. Perez,T.R. and Teran, A. 2014. Solar Powered Field Server
and Aerator Development for Lake Palakpakin. Journal of Advanced

Computational Intelligence and Intelligent Informatics, 18(5), 755 -763.

Sperling, V.M., 2007. Basic Principles of Wastewater Treatment:. Biological
Wastewater Treatment Volume 2, 212 pages, IWA Publishing, UK

Stenstrom, M.K, Leu, S.Y. and Jiang, P., 2006. Theory to Practice: Oxygen Transfer
and the New ASCE Standard. Proceedings of WEFTC 2006, pp 4838-4852

Sulzer, 2015. Aerator Type ABS Venturi Jet, http://www.sulzer.com/en/-
media/Documents/ProductsAndServices/Pumps_and_Systems/Compressors_
and_Aeration/Productinformation/ABS_Venturi_Jet Aerator/Venturi_Jet T
DS.pdf, last accessed 30/08/2015.

Tucker, C.S. and Robinson, E.H. 1990. Channel catfish farming handbook.Van
Nostrand Reinhold.

Wurts, A.W. 2010. Guideline for producing food size channel catfish. Kentucky state
University cooperative extension program, Kentucky, USA.

Yadav, A.K. and Chandel, S.S. 2013. Tilt angle optimization to maximize incident solar
radiation. Renewable and Sustainable Energy Reviews, 23, 503 — 514.

Zhu, J.,Miller, J.F., Dong, C., Wu, X., Wang, L. and Mukhtar, S. 2007. Aerator module
development using venturi air injectors to improve aeration efficiency.

Applied Engineering in agriculture, 23(5): 661-667.

96


http://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=Marcos+Von+Sperling&search-alias=books&field-author=Marcos+Von+Sperling&sort=relevancerank
http://www.sulzer.com/en/-media/Documents/ProductsAndServices/Pumps_and_Systems/Compressors_and_Aeration/ProductInformation/ABS_Venturi_Jet_Aerator/Venturi_Jet_TDS.pdf
http://www.sulzer.com/en/-media/Documents/ProductsAndServices/Pumps_and_Systems/Compressors_and_Aeration/ProductInformation/ABS_Venturi_Jet_Aerator/Venturi_Jet_TDS.pdf
http://www.sulzer.com/en/-media/Documents/ProductsAndServices/Pumps_and_Systems/Compressors_and_Aeration/ProductInformation/ABS_Venturi_Jet_Aerator/Venturi_Jet_TDS.pdf
http://www.sulzer.com/en/-media/Documents/ProductsAndServices/Pumps_and_Systems/Compressors_and_Aeration/ProductInformation/ABS_Venturi_Jet_Aerator/Venturi_Jet_TDS.pdf

APPENDIX

Appendix 1 the solubility of oxygen in water at different temperatures and salinity ....98
Appendix 2 concentration of DO with atmospheric pressure and temperature ........... 99

Appendix 3 Concentration of dissolved oxygen with relative humidity and
TEMPEIALUIE ... 100

97



Appendix 1 Oxygen Solubility in Water at Different Temperatures and Salinity

Table 1 The solubility of oxygen (mg/L) in water at different temperatures and salinity from
moist air at 101.325 kPa (Lawson, 2002)

Salinities (g/1)
t (°C)

0 5 10 15 20 25 30 35

0 146 1411 13.64 1318 1274 1231 11.9 115
2 13.81 1336 1291 1249 1207 1167 1129 1091
4 13.09 1267 1225 1185 1147 11.09 10.73 10.38
6 12.44 12.04 1165 1127 1091 1056 10.22 9.89
8 11.83 1146 11.09 10.74 10.4 10.07 9.75 9.44
10 11.28 1092 1058 10.25 9.93 9.62 9.32 9.03
11 11.02 10.67 10.34 10.02 9.71 9.41 9.12 8.83
12 10.77 1043 10.11 9.8 9.5 9.21 8.92 8.65
13 1052 102 9.89 9.59 9.29 9.01 8.73 8.47
14 10.29 9.98 9.68 9.38 9.1 8.82 8.56 8.3

15 10.07  9.77 9.47 9.19 8.91 8.64 8.38 8.13
16 9.86 9.56 9.28 9 8.73 8.47 8.21 7.97
17 9.65 9.36 9.09 8.82 8.55 8.3 8.05 7.81
18 9.45 9.17 8.9 8.64 8.39 8.14 7.9 7.66
19 9.26 8.99 8.73 8.47 8.22 7.98 7.75 7.52
20 9.08 8.81 8.56 8.31 8.07 7.83 7.6 7.38
21 8.9 8.64 8.39 8.15 791 7.68 7.46 7.25
22 8.73 8.48 8.23 8 7.77 7.54 7.33 7.12
23 8.56 8.32 8.08 7.85 7.63 7.41 7.2 6.99
24 8.4 8.16 7.93 7.71 7.49 7.28 7.07 6.87
25 8.24 8.01 7.79 7.57 7.36 7.15 6.95 6.75
26 8.09 7.87 7.65 7.44 7.23 7.03 6.83 6.64
27 7.95 7.73 7.51 7.31 7.1 6.91 6.72 6.53
28 7.81 7.59 7.38 7.18 6.98 6.79 6.61 6.42
29 7.67 7.46 7.26 7.06 6.87 6.68 6.5 6.32
30 7.54 7.34 7.14 6.94 6.76 6.57 6.39 6.22
31 7.41 7.21 7.02 6.83 6.64 6.47 6.29 6.12
32 7.29 7.09 6.9 6.72 6.54 6.36 6.19 6.03
33 7.17 6.98 6.79 6.61 6.43 6.26 6.1 5.94
34 7.05 6.86 6.68 6.51 6.34 6.17 6.01 5.85
35 6.93 6.75 6.58 6.4 6.24 6.07 5.91 5.76
36 6.82 6.65 6.47 6.31 6.14 5.98 5.83 5.68
37 6.72 6.54 6.37 6.21 6.05 5.89 5.74 5.59
38 6.61 6.44 6.28 6.12 5.96 5.81 5.66 5.51
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Appendix 2 Concentration of DO with Atmospheric Pressure and Temperature

Table 2 DO (mg/L) with atmospheric pressure and temperature at 100% RH (Honeywell, 2013)

P (kP)
(°C) 105325 103.325 101.325 99.325 97.325 95325 93326 91.326 89.326  88.659
0 15.2 14.9 146 143 14 13.7 13.4 132 12.9 12.6
1 148 145 142 13.9 136 133 13.1 12.8 125 12.2
2 14.4 141 138 135 133 13 12.7 12.4 12.2 11.9
3 14 13.7 13.4 132 12.9 12,6 12.4 121 118 116
4 136 13.4 13.1 12.8 12.6 12.3 12.1 118 115 113
5 13.3 13 12.8 125 12.2 12 11.7 115 1.2 11
6 12.9 12.7 12.4 12.2 11.9 11.7 114 11.2 10.9 10.7
7 12,6 12.4 121 11.9 116 114 112 10.9 10.7 10.4
8 12.3 12.1 118 116 114 111 10.9 10.7 10.4 10.2
9 12 118 116 113 111 10.9 10.6 10.4 10.2 9.94
10 11.7 115 113 11 10.8 10.6 10.4 10.1 9.92 9.69
11 115 112 11 10.8 10.6 10.4 10.1 9.91 9.69 9.47
12 11.2 11 10.8 105 10.3 10.1 9.9 9.68 9.47 9.25
13 10.9 10.7 105 10.3 10.1 9.89 9.68 9.47 9.26 9.04
14 10.7 105 10.3 10.1 9.88 9.67 9.46 9.26 9.05 8.85
15 105 10.3 10.1 9.87 9.67 9.46 9.26 9.06 8.86 8.65
16 10.3 10.1 9.85 9.65 9.45 9.26 9.06 8.86 8.66 8.46
17 10 9.84 9.65 9.46 9.26 9.07 8.87 8.68 8.48 8.29
18 9.83 9.64 9.45 9.26 9.07 8.88 8.69 85 8.31 8.12
19 9.63 9.45 9.26 9.07 8.89 8.7 8.51 8.33 8.14 7.95
20 9.44 9.25 9.07 8.89 8.7 8.52 8.34 8.15 7.97 7.79
21 9.26 9.08 8.9 8.72 8.54 8.36 8.18 8 7.82 7.64
22 9.07 8.9 8.72 8.54 8.37 8.19 8.01 7.84 7.66 7.48
23 8.91 8.73 8.56 8.39 8.21 8.04 7.86 7.69 7.52 7.34
24 8.74 8.57 8.4 8.23 8.06 7.89 7.72 7.55 7.38 7.2
25 8.58 8.41 8.24 8.07 7.9 7.74 7.57 7.4 7.23 7.06
26 8.42 8.26 8.09 7.92 7.76 7.59 7.43 7.26 7.1 6.93
27 8.28 8.11 7.95 7.79 7.62 7.46 7.3 7.14 6.97 6.81
28 8.13 7.97 7.81 7.65 7.49 7.33 7.17 7.01 6.85 6.69
29 7.99 7.83 7.67 751 7.35 7.2 7.04 6.88 6.72 6.57
30 7.85 7.7 7.54 7.38 7.23 7.07 6.92 6.76 6.61 6.45
31 7.72 7.56 7.41 7.26 7.1 6.95 6.8 6.64 6.49 6.34
32 7.58 7.43 7.28 7.13 6.98 6.83 6.68 6.53 6.38 6.22
33 7.46 7.31 7.16 7.01 6.86 6.71 6.57 6.42 6.27 6.12
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Appendix 3 Concentration of DO with Relative Humidity and Temperature

Table 3 DO (mg/L) with relative humidity and temperature (Honeywell, 2013)

t (°C) DO (100% R.H) DO (0% R.H.)

0 14.6 14.66
1 14.19 14.26
2 13.81 13.89
3 13.44 13.53
4 13.09 13.18
5 12.75 12.85
6 12.43 12.54
7 12.12 12.23
8 11.83 11.94
9 11.55 11.66
10 11.27 114
11 11.01 11.14
12 10.76 10.9
13 10.52 10.66
14 10.29 10.44
15 10.07 10.22
16 9.85 10.01
17 9.65 9.82
18 9.45 9.63
19 9.26 9.45
20 9.07 9.27
21 8.9 9.11
22 8.72 8.95
23 8.56 8.8

24 8.4 8.65
25 8.24 8.51
26 8.09 8.37
27 7.95 8.24
28 7.81 8.12
29 7.67 8

30 7.54 7.88
31 7.41 7.77
32 7.28 7.66
33 7.16 7.56
34 7.05 7.46
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1.GIRIS

Son yillarda, diinya’da su tirlinleri yetistiriciligi ve avciliktan elde edilen 154 milyon ton
su {lirliniiniin 131 milyon tonu gida amaclh kullanilmaktadir. Diinya balik arzi son 50
yilda, yillik %1.7’lik niifus artisina karsin, % 3.2°lik ortalama biiylime hiziyla dikkat
cekmektedir. Okyanus ve deniz avcilig1 disinda, kafes su iirtinleri sektorii son 20 yilda

kiiresellesme ve su {iriinleri i¢in artan talep nedeniyle hizla biiyiimektedir .

Tiirkiye’de balik tiretimi 2005’den 2014’¢ 118 277 tondan 235 133 tona artmistir. Bu
donemde kafes balik iiretimi ise 48 033 tondan 107 533 tona yiikselmistir.

Kiiltiir balik¢iligr alaninda, 2012 verilerine gore, 1791 adet tatli suda, 372 adet denizde
iiretim yapan olmak {izere toplam 2163 adet isletme faaliyet gostermektedir. Alabalik
tiretimi yapilan kiigiik ve orta 6lgekli bu igletmelerin ¢gogunda birgok teknik eksiklikler

sonucu siirdiiriilebilir iiretim saglanamamaktadir.

Tiirkiye’de 6zellikle durgun olan i¢ sularda yapilan kiiltiir balik¢iliginda balik dliimleri
ile ¢ok sik karsilagilmaktadir. Genellikle, balik oliimleri suda ¢ozlinmiis oksijen
seviyelerinin diisiikk olmasindan kaynaklanmaktadir. Baligin biiylimesini ve gelisimini

etkileyen en 6nemli faktor suda ¢éziinmiis oksijen konsantrasyonudur.

Tiirkiye Su triinleri istatistikleri verilerine gore, i¢ sularda yaklasik 450 milyon adet
alabalik yetistirildigi sOylenebilir. Balik ¢iftliklerinde oksijen yetersizliginden
kaynaklanan kayiplar ekosistem dinamikleri, mevsim degisimleri, su kaynaklarindaki
yosun ve fitoplankton yogunlugu, asir1 balik stok yogunlugu, yanlis yemleme gibi
birgok faktdre bagli olarak her yil degismektedir. Oksijen yetersizliginin neden oldugu
balik dliimlerinin %1 — 3 arasinda olmasi durumunda, ortaya ¢ikacak ekonomik kaybin
yilda 40 milyon TL olabilecegi, stok yogunlugunun arttirilamamasindan kaynaklanan

toplam ekonomik kaybin ise 100 milyon TL’ye kadar ¢ikabilecegi tahmin edilmektedir.

Tirkiye’nin i¢ sularindaki kiiclik ve orta 6lgekli balik¢ilik isletmelerinin ¢ogunda tespit

edilen eksiklikler asagida siralanmistir:

103



1) Suda ¢oziinmiis oksijen konsantrasyonu 6l¢iimleri yapilmamaktadir.
2) Havalandirma sistemi yoktur.
3) Elektrik sebekesinden uzak noktalarda alternatif bir enerji kaynagi mevcut

degildir.

Bu tez calismasinda, yukarida siralanan tespitlere gore, kiiciik ve orta Olgekte iiretim
yapan balik ciftlikleri i¢in su sicakligi ve sudaki ¢oziinmiis oksijen miktarint Olgen,
oksijen seviyesi diisiince otomatik olarak devreye giren, giines enerjisi ile calisan bir

havalandirma sistemi gelistirilmis ve prototip imalatlar1 yapilmistir.

2. MODEL ve SIMULASYON

Havalandirma sisteminin tasariminda ANSYS Fluent yazilim paketi kullanilarak venturi

modeli olusturulmus, hava hizi ve basing karakteristikleri simiile edilmistir.

Tez caligmasinda Sekil 4.7°de gosterilen farkli biyiikliiklerdeki {i¢ plastik venturi
enjektor modiilii kullanilmistir. V1, V2 ve V3 venturi enjektorleri sekil 5.16 ve 5.18°de
gosterilen deney standinda hava hizi ve vakum verileri esas alinarak test edilmistir. En
yiiksek hava emme basinci gelistiren V1, modiilii havalandirma sisteminin imalatinda

kullanilmistir.

Gilines panelinin Ankara kosullarinda farkli egim agilari, Matlab 2010b programi
kullanilarak, yillik, mevsimlik, yilda iki konum ve her ay i¢in hesaplanmistir. Sonuglar
esas alinarak, deneylerde kullanilan paneller giineye doniik olarak 24° (yillik) egim

verilerek ayarlanmistir.

3. SISTEM TASARIMI ve KONSTRUKSIYON

Yenilikg¢i bir havalandirma sisteminin tasariminda asagida siralanan noktalar 6énemli rol

oynamistir:

e Pompa ¢ikis hattin kalinarak uygun baglantilar ile basing kayiplar1 azaltilmistir.
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e Pompa cikistyla ayni caplarda nipel ve T-boru baglantilar1 kullanilarak basing
kayiplar1 azaltilmistir.

e Sonraki baglantilarda uygun kademeli rediiksiyon baglantilar1 yapilmistir.

e Pompa kapasitesi ile uygun venturi sayis1 belirlenmistir.

e Suda ¢oziinecek oksijen miktarini arttirmak i¢in uygun ¢apl difiizér ve meme ¢ap1

saptanmustir.

Gelistirilen havalandirma sisteminin pompa ile en uygun baglanti sekli ile boru ve

baglant1 parcalarinin ¢aplar1 asagidaki sekilde verilmistir.

—
i 1. Dalgic Pompa (Lorentz C-SJ5-81)
2. Venturi (1"x %" x 1")

3. Nipel (1% x 1%:")

4. T-boru baglantiss (1% x 1% x 1%4")
5. Nipel redGksiyon (1% x1")
6.T-boru baglantisi (1 x1x17)

7. Nipel (1x1")

8. Dirsek (1 x17)

9. Dz boru (1" x 1" x 0.6 m)

10, Diftzodr (1" x 318 ")

Sekil 1 Gelistirilen venturi enjeksiyon sistemi baglantilar1 (Figure 5.5 )

4. VERIi TOPLAMA CiHAZI ve METEOROLOJi iSTASYONUNUN
KURULUMU

Cevresel kosullardaki sicaklik, bagil nem, atmosfer basinci, toplam giines 1sinimi,
rlizgar hizi, riizgar yonii, yagmur, su sicaklig1 degisimlerinin 6l¢iimii i¢in bir meteoroloji
istasyonu tasarlanmigtir. Yiiksek hassasiyete sahip yeni nesil sicaklik (LMT86LP), bagil
nem (HIH5030), atmosfer basinci (KP236N6165) sensorlerinin prob iizerine montaji ve
kablo baglantilar1 yapilmistir. Bu sensorlerin giinesin direkt 1sinimindan etkilenmemesi
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ve laminer akis saglanmasi i¢in 6zel olarak tasarlanmis 0.2 m ¢apinda paslanmaz gelik
giines siperi imal edilmistir. Meteoroloji istasyonuna yerlestirilen tim sensorlerin
CR1000 veri toplama cihazlarina baglantilar1 yapilmig ve sensorlerin  teknik
ozelliklerine gore 1 dakikalik araliklarla 6l¢iim yapacak sekilde programlanmustir.
Meteoroloji istasyonundaki tim sensorler ve CR1000 veri toplama cihazinin gii¢
gereksinimi giines enerjisinden saglanmistir. Burada 60 W monokristal gilines paneli, 12

V 20 Ah kuru akii ve sarj kontrol cihazi kullanilmistir.

Sekil 2 Meteoroloji istasyonu (Figure 4.3)

5. GUNES PANELI ve AKU BAGLANTILARI

Gilines paneli, akii ve sarj kontrol cihazi arasindaki baglantilar asagidaki sekilde
gosterildigi gibi yapilmistir. PV giines paneli ile sarj kontrol cihazi arasinda kablo
baglantilarinda kesit alan1 4 mm? ve akii baglantilarinda kesit alan1 16 mm? olan 6zel

UV dayanikli solar kablo kullanilmistir:
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1. Mono-kristal panel: 2 x 150 W=300 W-<lik iki panel seri olarak baglanmistir.

Galvaniz ¢elik delikli profiller kullanilarak egim agis1 24° olarak ayarlanmustir.

2. Poli-kristal panel: 245 W nominal giice sahip panel egim agisi 0° olarak
baglanmistir.

3. Akii baglantilari: iki adet 12 VDC jel akii 24 VDC @ 100 Ah akii kapasitesi elde
etmek i¢in seri olarak baglanmstir.

4. Sarj kontrol cihazi: Akiilerin sarj-desarj islemlerinin giivenilir aralikta ¢calismasi igin

uygun baglantilar yapilmis ve ¢aligma araliklar1 programlanmaistir.

Sekil 3 Elektriksel baglantilarin sematik gosterimi (Figure 4.13)

1.Dalgi¢c pompa, 2. PV panel, 3. Akii, 4. Sarj kontrol cihazi, 5. Samandira, 6. Roéle karti, 7. Volt-
akim sensorii, Jel akii, 8. Arduino Uno karti, 9. Pompa kontrol cihazi

6. PROTOTIP GELISTIRME

Havalandirma sistemi venturi tip enjektdrler kullanilarak hidrodinamik esaslara gore
tasarlanmistir. Pompa ve V1 (17 x %” x 17) venturi modiilleri arasinda 1” - 1%” PE
boru ve baglanti parcalar1 (T, dirsek, manson, nipel, rediiksiyon) iki prototip
gelistirilmistir. Her iki prototip i¢in ayni1 baglantiya sahip yukarida gosterilen venturi

sistemi kullanilmisgtir.
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Prototip I: Pompanin ve venturi sisteminin asagidaki sekilde gosterildigi gibi su iginde
yiizdiiriilmesi amacglanmistir. 50 mm kalinliginda iki adet 0.8 x 0.8 m biiylikliinde
ekstriide polistren yalitim paneli kullanilmistir. Biiyiikliigi 0.3 x 0.3 m olan boyali iki
sac plaka arasinda iki yilizdiirme paneli {ist iiste yerlestirilerek pompa arasinda civatali
saglam baglantilar yapilmistir. Prototip I uygulamasinda giines paneli, kontrol panosu
ve akiiler sabittir. Seri baglanmig 300 W (2 x 150 W) PV monokristal giines paneli
asagidaki sekilde gosterildigi gibi yatayla 24° ac1 yapacak sekilde giineye doniik
yerlestirilmistir. Glines panellerinden gelen enerji 12 V 100 Ah kapasiteli 2 adet jel

akiide depolanmustir.

Sekil 4 Prototip | (Figure 5.6)
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:; (1)Jel akii (100 Ah @ 12 V)
(3 (2)Sarj kontrol cihaz1 (24 V @ 50 A)
(3)Pompa kontrol cihaz1

Sekil 5 A¢1 ayarli monokristal giines panelleri ve konstriiksiyonu (Figure 5.7)

Prototip Il: Sistemin tiim bilesenlerinin asagida gosterildigi gibi su istiinde yiizecek

sekilde tasinmas1 amaglanmistir. Yiizdiirme platformu olarak olgiileri 1.5 X 1 X 0.2 m

olan iki tarafi galvaniz ve boyali sa¢ arasina yerlestirilmis poliiliretan sandvi¢ panel
kullanilmistir. Prototip II uygulamasinda sistemin tiim bilesenleri yiizer platform
tizerine yerlestirilmistir. Giicli 245 W olan polikristal PV giines paneli platform iizerine
yatay olarak baglanmistir. Glines panellerinden gelen enerji, ikiser seri olarak baglanan
12 V 100 Ah kapasiteli 2 adet jel akiide depolanmastir.

Her iki havalandirma sistemi de dalgic pompa, pompa kontrol cihazi, 4 adet venturi
enjektdr, boru baglant1 parcalar1, PV giines paneli, 2 adet jel akii, sarj kontrol cihazi, su
gecirmez kontrol panosu, elektronik kontrol karti, oksijen sensorii, su sicaklik sensorii,

galvaniz gelik profillerden olusmaktadir.

Gelistirilen havalandirma sisteminin performans deneyleri i¢in PVC/PE malzemeden

yapilmis 4 m® hacmine sahip dairesel plastik havuz kullanilmistir.
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Sekil 6 Yiizer platformun plastik havuzda denemesi (Figure 5.17)

7. STANDARD TEST PROSEDURU

V1 venturi enjektorler esas alinarak baglantilar1 yapilan iki prototip havalandirma
sistemi, Prototip I ve Prototip II plastik havuzda test edilmistir. ASCE (American
Society of Civil Engineers) tarafindan Onerilen standart test prosediiriire gore test
edilmigtir. Sayisal veriler i¢in test havuzunda oksijen giderme ve oksijen kazandirma
islemleri sirasiyla gergeklestirilmistir. Havalandirma sistemlerine dinamik oksijen
kazandirma yontemi uygulanmistir. Oksijen transfer katsayilarmin saptanmasi igin

grafik yontem kullanilmustir.

Oksijen transfer katsayilari:

Normal kosullardaki su sicakliklarina gore farkl gii¢ tiiketimlerinde elde edilen oksijen
transfer katsayilar1 asagidaki ¢izelgede verilmistir. (K )T oksijen transfer katsayilar: 1.1
ve 555 h' arasinda, standart oksijen transfer katsayilar1 1.15 ve 5.42 h arasinda

degismistir (Cizelge 1).
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Cizelge 1 standart oksijen transfer katsayilar

PW) [ Tw(CO | Kir (min?) [ Kir (h7) Kiazo (h)
75 18 0.0183 1.10 115
100 22 0.0397 2.38 2.27
150 18 0.0630 3.78 3.96
200 18 0.0693 4.16 4.36
250 21 0.0815 4.89 4.78
300 21 0.0925 5.55 5.42

Performans Test Sonuglar :Standart oksijen transfer hiz1 (SOTR), standart
havalandirma etkinligi (SAE) ve standart oksijen transfer etkinligi (SOTE)’den olusan
performans parametreleri asagidaki cizelgede (Cizelge 2 ) gosterildigi gibi farkli giig
girdileri i¢in verilmistir.

Cizelge 2 Venturi havalandirma sistemi performansi

Gig tiiketimi (W) SOTR (kgO./h) SAE (kg O,/kWh) SOTE (%)
75 0.042 0.560 4.7
100 0.082 0.820 7.0
150 0.144 0.960 10.7
200 0.158 0.790 10.3
250 0.174 0.696 9.6
300 0.197 0.657 9.4

Pompa farkli giiclerde calistirilirken, O, ekleme siireclerinde bazi farkliliklar elde
edilmistir. Havalandirma sistemine iliskin standart oksijen transfer hizi ve standart
havalandirma etkinligi verileri elde edilmistir. Buna gore, en yiiksek standart oksijen
transfer hiz1 300 W igin 0.197 kgO,/h olarak saptanmistir. Buna karsin, en yiiksek
standart havalandirma ekinligi 150 W gii¢ kullaniminda 0.96 kg O,/kWh olarak elde
edilmistir. Deney sonuglarina gore, farkli venturi baglanti sekilleri icerisinde en etkili
sonuglarin alindig1 soylenebilir. Gilig-SAE verileri karsilastirildiginda, standart
havalandirma etkinligi 0.56-0.96 (kg O2/kWh) arasinda gergeklesmistir. Giig ile SAE-
SOTR-SOTE’nin degisimleri asagidaki sekillerde grafik olarak gdsterilmistir. Bu
degerler, (Dong vd. 2012) tarafindan 0.06 ile 0.21 kg O,/kWh olarak verilen
performanslardan daha yiiksektir. Standart oksijen transfer etkinlikleri 150 ve 200 W
gii¢ girdileri i¢in sirastyla 10.7 ve 10.3 olarak elde edilmistir.
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Sekil 7 Pompa giig tiiketimi ile SOTR ve SAE’nin degisimi (Figure 5.25)
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Sekil 8 Pompa giig tiikketimi ile SOTR ve SOTE’nin degisimi (Figure 5.26)
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ASCE tarafindan Onerilen test prosediirlerinden farkli olarak, havalandirma sistemi igin
oksijen transfer modeli tanimlanmistir. Bu modele gore, asagidaki ¢izelgede verilen
sicaklik (T) ve atmosferik basing (Pym) kosullan icin farkli giic (P), suyun hacimsel
debisi (Qw), oksijenin kiitlesel debisi (m,), oksijen transfer hizi (OTR), oksijen transfer

faktorii (OTF), oksijen transfer etkinligi (n) gibi parametreler hesaplanmustir.

Pompa 300 W giicte ¢alistirilirken 5 m®h su akist sagladiginda, venturi girisinden gecen
hava hiz1 2.3 m/s olarak 6l¢iilmiistiir. Dort venturinin irettigi hava kiitlesel debisi 9
kg/h, oksijen kiitlesel debisi 2.1 kg/h’dir. Havalandirma sisteminin oksijen enjeksiyon
etkinligi 7 kg O, kWh™, oksijen transfer faktorii 0.6 kg O, kWh™, oksijen transfer

etkinligi %8.5’dir. Kalan oksijen atmosfere transfer edilmektedir.

Cizelge 3 Havalandirma sistemi havuz performans verileri

P Tu Patn Qu Mo OTR OTF n

W) | Q) (kPa) | (m¥h) | (kgOuh) | (kgOuh) | (kg Ox/kWh) (%)
75 18.2 91.9 3.0 0.913 0.0378 0.504 4.14
100 | 21.9 91.9 36 1.188 0.0754 0.754 6.35
150 | 18.0 91.8 4.0 1.370 0.1299 0.866 9.48
200 | 18.1 91.9 45 1551 0.1430 0.715 9.22
250 | 20.9 917 47 1.827 0.1582 0.633 8.66
300 | 210 917 5.0 2.102 0.1796 0.599 8.54

8. HAVALANDIRMA SiSTEMININ BALIK CiFTLiGINDE DENENMESI

Prototip II havalandirma sistemi Ankara Universitesi Ziraat Fakiiltesi Cifteler Su
Uriinleri Arastirma ve Uygulama Isletmesi alabalik havuzlarinda 20-24 Temmuz 2015
tarihleri arasinda test edilmistir. Test denemeleri, biiyiikliikleri 6 x 10 m ve derinlikleri
0.75 m olan benzer iki havuzda yapilmistir. Bu havuzlardan birisinde havalandirma
sistemi calistirilmis olup; digerine herhangi bir havalandirma sistemi yerlestirilmemistir.
Her havuza 140 g agirhiginda 2600 adet gokkusagi alabaligi konulmustur. Yemleme
rejimleri ve tiim kiiltiirel islemler es zamanli yapilmistir. Havalandirma sisteminin
calistirildig1 test havuzunda balik Sliimleri ile karsilasilmamistir. Ancak, havalandirma
sisteminin olmadigi kontrol havuzunda giinde 3 ve 12 aras1 adet balik oliimii tespit

edilmistir.
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Acrated pond

Sekil 9 havalandirma sistemi test denemeleri (Figure 5.29)
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