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Summary. Experimental installation for measuring and recording of solar radiation flux density was
mounted according to suggested procedures. Analysis for density flux time distribution was performed and surface
energy density of solar radiation for the city of Ternopil was calculated. It was proved that the most productive
period for electricity photo generation within Ternopil city area is May through September.
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Problem setting. Solar radiation is accessible and inexhaustible source of energy. So
far, a lot of research projects dedicated to efficiency and necessity of solar energy [1 — 7]. The
usage of solar power stations in Ukraine is a challenging method to gain ecological and
regenerative sources of energy. The efficiency of solar energetics depends upon both technical
designs and climate conditions. The investigation of energy potential in certain regions is
extremely relevant, as it will facilitate installation of solar power stations into national energy
system that is why the represented research project is devoted to investigation of solar energy
potential in City of Ternopil.

Analysis of resent issues. During the analysis of solar radiation intensity we accepted
the assumption that despite monthly aggregates of solar energy on horizontal surface are
changing every year their average values are invariable [3].

The [4, 5] represent the data about the volumes of solar energy in those settled areas
where the investigations were carried out by Davis Instruments Co meteorological station. The
probabilistic characteristics and solar potential distribution laws were calculated for
Kropivnitskyy district in [4]. The average values of solar energy for each month from 2012 up
to 2015 in City of Odessa were shown in [5] but they are not intrinsic for other inhabited areas.

The issues [6 — 8] represent monthly and annual values of aggregate solar radiation
reflecting from horizontal surface of Ukrainian territory according to geographic latitude that
were calculated with solar radiation duration and average nebulosity. The calculation results for
aggregate, direct and scattered solar radiation on horizontal surface in Ternopil are shown in
[9] though it does not contain the experimental data that include the climate specifications of
the given area.
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Research of energy potential of solar radiation in Ternopil

Research objectives include the research of energy potential of solar radiation in
Ternopil taking into consideration the atmospheric and climate conditions.

Task setting assumes the elaboration of methods and experimental device to measure
the energy potential of solar radiation and its recording during the given time intervals. The
calculation of time distribution of ray density and number of solar radiation value per a surface
unit on the angle 49° against the horizon in Ternopil administrative area.

Presentation of basic material. Ternopil and its vicinities are located 49°34' degrees
north latitude that corresponds to maximal energy potential of 1150 W-h/m? solar radiation. To
study the atmospheric influence upon its value there was designed and mounted the measuring
device displayed on Figure 1. This device facilitates recording of sun radiation on-line with an
interval of 1 min.

T — The device contains: microcontroller
il —{Adjustable load | | Microconroller | Atmega 32, which processes and records data
from analog-digital convertor (ADC); storage
Egcr[ storage device| - device the data MicroSD; adjustable load; solar

Pyranometer_|] ff’i-i,i"é% battery (SB) ALM-50M; pyranometer.
Alongside with measurement of radiation
Figure 1. Block diagram of the measuring density with pyranometer this device facilitates
device measuring of electricity volume obtained from
solar battery. For this purpose, we used SB of
ALM-50M with resisting adjustable load. Electric
circuit of the given section of the device is
displayed on Figure 2. The voltage from SB
SB output was fed to load resistance Ricad, bleeder
R1, R2 and Rshunt. According to decrease of voltage
on Rsnunt We determined the load current and the
. voltage on SB output was measured by means of
R Microcontroller | pjeeger Ry, R,. The bleeder used high-Om

= resistance that enabled eliminating the influence
» R: upon measurement results. The power of
Ve generated electric current was determined as a

R product P=UI. The load resistance was selected in
= order to be relevant to the mode of maximal SB
capacity.

Figure 2. The electrical circuit for voltage and
current measuring of the SB

To measure the density of energy flux
of solar radiation we used the pyranometer, it  pz A
electric circuit is shown on Figure 3. The Q
presented device consists of photo-receiver
of mono-crystal silicon Dy, linked to short
circuit, electric converter 4 ta and booster of
signal B. This device was calibrated with flux
density indicator for solar radiation Solar Figure 3. The electrical circuit of pyranometer
Power Meter DT-1307. The measurement
was carried out at tilting angle of photo-receiver against the horizon a = 49°, which is optimal
for Ternopil latitude. All experiments were made in accordance with TOCT28977-91. The data
were recorded on bulk storage and processed in Maltab software.
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Research results. The studying of energy flux density distribution started on
May/01/2016 at Faculty of Applied Information Technologies and Electric Engineering, 46
Mykulynetska. The photo-detector and solar battery were located on the upmost terrace of
campus building #7 to avoid artificial shadowing and ensured the maximally objective
measurement results. Figure 4 represents values of solar radiation density during May/2016.
The same graphs were made for other months including December/2016.
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Figure 4. Graph of solar radiation density flux changes during May 2016

As it was noted above, the time interval of 1 min. was selected for recording, within
which the alteration value of energy flux did not exceed +10%. In order to determine the energy
of solar radiation the statistical processing of measurement results was carried out in the form
of identification of time distribution of radiation flux density. With this purpose we imposed
the discrete flux values altering with an interval of 10 W/m2. The results were processed with
Matlab software an averaged with the least squares method. Figures 5a an 5b display the
distribution of density for energy flux of solar radiation in May and June 2016. As the graphs
show, the distribution of density of solar radiation up to 200 W/m? has the time interval from
300 to 1400 min., and the energy fluxes more than 200 W/m? are divided within time interval
from 50 to 300 min. Time distribution of energy fluxes from 0 to 200 W/m? is described by
exponential law for May F=334e°%22% ‘and June F=324¢0-002%,

During July, August and September the time distribution of energy flux is the same as
in May and June but the fluxes from 800 to 900 W/m? are marked with longer action time that
is reflected with their maximal values on graphs. The time correlation between energy fluxes
from 0 to 200 W/m? of these months can be described by exponential law F=250e-0024,

Fall — winter period on Ternopil latitude is characterized with the decreases time of
fluxes’ action with the energy more than 200 W/m?2. The time distribution of density of solar
radiation in October 2016 is shown on Figure 5e. The same dependencies were spotted in
November and December. The time distribution for energy fluxes that are less than 200 W/m?
is described equation F=274¢-00017,
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Figure 5. Monthly density distribution of solar radiation energy flux:
a) May; b) June; c) July; d) August; g) September; e) October.

There were also carried out the analysis of daily distribution of density of solar radiation
that facilitated diversifying of days due to atmospheric transparency.

Figures 6 — 8 represent the graphs of distribution of flux density of solar radiation for
sunny or cloudless day, misty (average cloudiness) and gloomy day in May 2016. Having based
on the graphs we calculated the radiation energy for sunny E=6,03 kW-h/m?, misty
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E=2,8 kW-h/m? and gloomy day E=1,54 kW-h/m2. There also was calculated the number of
sunny, misty and gloomy hours and their share during month, their values were put into Table
1. The same calculations were made for other months. The value of measured E and maximal
energy Emax are displayed in Table 1. The influence of climate conditions upon the value of
solar radiation energy was estimated with the parameter #= (E/ Emax)-100%.

Simultaneously with measurement of density of energy flux of solar radiation we
determined the number of generated SB during each month of studied period that are
represented in Table 1.
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Figure 6. Graph of solar radiation ~ Figure 7. Graph of solar radiation ~ Figure 8. Graph of solar radiation
density flux changes in sunny day  density flux changes in misty day density flux changes in gloomy
of May 2016 of May 2016 day of May 2016

Table Nel

The number of hours and solar energy

Cloud Gloom Sunn E, Enmax, , Esg,
Month rors | % | houre | % | howe | % | wwrime | kwime | % | kwh
May 1514 | 34| 1151 |26 | 1747 |40 | 14295 | 187,18 | 77 | 4,65
June 1442 | 32| 1054 |24 | 1963 | 44| 1486 181,16 | 82 | 4,82
July 131,9 28 95 20 240 52 157 188 83 51
August 130 28 90 19 245 53 151 188 80 49
September 135 33 83 20 190 47 115 169 68 | 3,73
October 205 | 72 50 18 28 10 | 537 63,08 | 85 | 1,74
November 192 | 73 54 20 16 7 32 40,7 | 78] 1,03
December 171 74 23 10 37 16 28 42 4 66 | 0,91

Conclusions. There was suggested a methodology and mounted the experimental
device to measure and record the density of solar radiation flux.

The authors calculated the time distribution of energy flux density for solar radiation
during May — December 2016 in City of Ternopil and determined the volume of solar radiation
energy during each month. There was also carried out the analysis of climate conditions
influence upon the volume of solar radiation energy and calculated the number of sunny, misty
and gloomy hours and their percentage during each month.

It was shown that the most productive for photo-generating of electric power in Ternopil
is the period from May to September.
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JOCIIZKEHHA EHEPTETUYHOI'O IIOTEHHIAJTY COHAYHOI'O
BUITPOMIHIOBAHHA B TEPHOITIOJII

Boaoaumup Anapiinuyk; Sipocias @iaok

TepHoninbcokuu HaAYioHAIbHUL MEeXHIYHUU YHigepcumem imeHi leana 1lynios,
Ykpaina, Tepnoninw

Pe3tome. 3anpononosarno memoouxky ma 3MOHMOBAHO eKCHEPUMEHMATIbHY YCMAHOBKY O/ BUMIDIOBAHHS
ma 3anuUcy8anHs 2yCMUHY NOMOKY COHAYHO20 8UNPOMIHIO8aHHA. [Iposedeno ananiz 4aco8oz2o po3noodiny eycmuHu
NOMOKY ma po3paxo8aHO NOBEPXHERY 2YCMUHY eHepeii COHAUHO20 8UNPOMIHI08aHHs 01 Tepronons. Busnaueno
BNIUG KIIMAMUYUHUX YMO8 HA 8eIUYUHY eHepeii COHAUH020 8unpomintoeanta. Tlokasano, wo HatnpoOYKmMuHIuUM
ons gpomozenepayii enexkmpuunoi enepeii na mepumopii Teprononst € nepioo 6i0 mpasHs 00 gepecHs.

Knrwuosi cnoea: consuna 6amapes, coHaA4HA eHepeis, MIKDOKOHmMpOep, nipanomemp.
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