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B  mepmuHax  uHeapuaHma  paccMompeHa  moriosiocuyeckas
aKeueasrieHMHOCMb HerpepbI8HbIX hyHKYUU, 3adaHHbIX Ha OKpPYXHocmu C
KOHEYHbIM 4HUC/IOM 3Kcmpemymos. WHeapuaHmom yHKyuU, 4mo daem
803MOXHOCMb nodcyumamse 4UCJSIO MOrosI02UYEeCKU He3Keu8arleHMHbIX

cbyHkyul, ecmb Q(f)— paszbueka S' Ha Oyau S., 3HadyeHue (byHKUUU 8 UX

JI0Ka lbHbIX 3KCmpemMymMmax, obpasyrowux ameu onpedenieHHo20 mura.
Kpumepuli, askeueaneHmHocmb, (byHKUuUsi, = MHO2006pasue,
3KcmpeMyM, nocsiedoeamesisHOCMb.

In terms of the invariants considered topological equivalence of
continuous functions defined on a circle with a finite number of extrema.
Invariant function, which enables to calculate the number of topologically
different functions, there is Q(f)— on the partition S* arc S,, value functions in

their local extrema forming snake
Criterion, equivalence, function, diversity, extremum, sequence.
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ANALYSIS SOLAR WATER-HEATING SYSTEMS ON THE BASIS
OF EVACUATED TUBE COLLECTORS
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This paper presents main aspects the use of solar systems for heating
domestic water on the example standard solar installation constructed as an
object of o research in Education and Research Institute of Energetics
Automatics and Energy Saving (NULES Ukraine). Obtained charts with the
input and output temperature of vacuum solar collector.

Solar energy, hot water systems, collector efficiency, vacuum solar
collector.

Solar hot water system comprises several innovations and many mature
renewable energy technologies, which have been accepted in most countries
for many years. Nowadays, the demand on heat energy has increased, and it
Is the natural, safe and costless process to collect hot water by solar
radiations. There are many applications of the hot water heated by the solar
radiations. Where the solar hot water is used in the domestic purposes, it also
Is used in industrial applications, e.g. used for electricity generation [1].

The effective sunshine occurs only about 5-6 h per day and since
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heating and hot water loads occur up to 24 h a day. Some type of energy
storage system is needed when using the solar energy. Practical experiences
in the industry as well as computer simulations and experiments have resulted
in rules of thumb for storage sizing. These guidelines provide storage sizes for
which the optimized and relatively insensitive to changes within the range
indicated [2].

Materials and methods research. Most solar water-heating systems
for buildings consist of a solar collector, a storage tank, circuit pump and a
control system (pic.1). The most common collector used in solar hot water
systems is the flat-plate collector (FPC), but evacuated tube collectors (ETC)
are gaining in popularity as their price comes down, and they are more

efficient than FPC’s at the higher temperature differences expected in winter.
Collector
(C)

Controller

—Heat
exchanger

r Tank

Supply,
Pic. 1. Typical solar water-heating systems

Solar system is controlled by solar controller SR1188. Controller
compares the temperature between collector T1 and storage tank T2 (bottom
part), if the temperature difference (DT) rises up to the preset switch-on
DT (DTon) or is over it, circuit pump is triggered, and then storage is heated
until DT drops to the switch-off DT (DToff) or when the storage temperature
rises up to its preset maximum temperature. Then circuit pump is ceased.

For the home water heating evacuated tube solar collector can achieve
efficiency (pic. 2) close to the 80% (within solar radiation: 2000W/m?2).

Our investigation was analyzed with the real experimental data. Solar
system for heating the domestic water with one vacuum tube collector (pic.3)
has also high efficiency (almost 70%).
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Swimming pool heating
Home water heating
Home heating

Process heat production

Evacuated-tube collector

0 20 40 60 I‘?"UC] 100 120 140 180
Pic. 2. Graph of efficiency and temperature ranges of various types
of collectors (radiation: 1000 W/m?)

The ambient temperatures for each investigated day were from -1,4 to 8
[°C] with the solar radiation from 746 to 843 [W/m2]. High efficiency depends
mostly on solar dose of radiation. Vacuum tube collector (compared with flat
plate solar collector) passively track the sun through the day. Besides special
reflector behind the tubes with an optimally located focus point directs solar
radiation onto the absorber tubes in an ideal way, even when the radiation
angles are different.

: X N
Fig.3. General view a vacuum tube solar collector that installed on
the roof building Ne 8 Education and Research Institute of Energetic,
Automatic and Energy Saving

For the reliable analysis the data about the daily temperature and dose
of solar radiation are also needed. The daily temperatures are read from
Central Geophysical Observatory in Kiev (Ukraine). The average daily solar
irradiance is calculated by on-line calculator from the International
Geographical Information System site.

There were compared three days from the autumn and winter season.
Solar collector efficiency was determined for each day selected for analysis
[3]:
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T~ Ta (Tpo—Tg)®
ns.c non kl 2c kﬂ 2c ’ (1)
where: ns. — solar collector efficiency; n, — solar collector optical efficiency; ki,
k, — empirical coefficients; g. — heat flux density, W/m? Ts. — output
temperature of solar collector, °C; T, — ambient temperature,C.

Results. The results of three compared days (18.11.2013, 14.12.2013
and 07.01.2014) were presented by charts and table. There were chosen days
with very good weather conditions. The charts with the input and output
temperature of solar collector (pic. 4-6) were presented from 9 a.m. to 5 p.m.,

because of the highest operational conditions for the solar system [4].
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Pic. 4. Inlet (Tin) and outlet (Tout) temperature of the vacuum tube
collector on 18.11.2013
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Pic. 5. Inlet (Tin) and outlet (Tout) temperature of the vacuum tube
collector on 14.12.2013
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Pic. 6. Inlet (Tin) and outlet (Tout) temperature of the vacuum tube
collector on 07.01.2014

Parameters like solar collector optical efficiency, empirical coefficients
and heat flux density are constant for each kind of solar collector. For vacuum
tube solar collector with 30 tubes and aperture area 2,81 m? itis shown in the
table 1. Output temperature of the solar collectors for each day (12:00) was
about 65 °C. The ambient temperature was different for each day. The solar
irradiance (G) is read at 12:00 for each day. Solar collector efficiency oscillated
from 0,67 to 0,69.

Tab.l. Parameters and appearance of the solar collector for each
investigated day

Parameter Date
18.11.2013 [ 14.12.2013 | 07.01.2014

No 0,76

Ky 1,362

K, 0,002

qc [W/m?] 1000

Tsc [°C] 65

T.[°C] 8 -1,4 0,1
G [W/m?] 843 746 804
Ns.c 0,69 0,67 0,68

Conclusions

For the autumn-winter period the solar collector efficiency for the days
with very good weather conditions reached nearly 70%. The highest efficiency
was at particular point (or period, as ‘DT’ was almost constant from 10 a.m. to
3 p.m.) of the day, when operational conditions of solar collector were the
highest.

The average efficiency of the solar system for the all autumn-winter
period will be probably about 30%, maybe less, because of different and hard
weather conditions (mostly cloudy, windy and cold days). About 20% of all
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days from this period can achieve high efficiency, but it is possible.

For the home water heating evacuated tube solar collector can achieve
efficiency close to 80% (within solar radiation 1000W/m?). Our investigation
was conducted using the real experimental data. Solar system for heating the
domestic water with one vacuum tube collector has also high efficiency
(almost 70%). So it is well verified.
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B cmammi npedcmassieHi OCHOBHI acrieKkmu 8UKOPUCMAaHHS COHAYHUX
cucmem O0ns HazgpigaHHS 600u 0ns nobymosux nompeb Ha npuknali
cmaHdapmHOi COHSAYHOI ycmaHO8KU, CMEOPeHoi ik 06'ekm OO0CiOXEeHHS 8
HaguyanbHo-HaykogoMy  iIHcmumymi  eHep2emuKku, aemomMamuKku  ma
eHepao3bepexeHHss HYbBIll YkpaiHu. OmpumaHi Oiagpamu 8xiOHOI i 8UXIOHOI
memriepamypu 8aKyyMHO20 COHAYHO20 KOJIEKmMopa.

CoHsiYyHa eHepeisi, eapsiye eodornocmavaHHsi, egheKmueHicmb
KoJsiekmopa, eakyyMHuUl COHSIYHUU KOJIeKmop.

B cmambe npedcmaernieHbl OCHO8HbIE acreKkmbl UCM0b308aHUs
COJIHEYHbIX cucmem Orisi Hazgpesa 800bl 0511 6bImo8bIX HY)XO Ha npumepe
cmaHdapmHoOU  COJSIHEYHOU  yCmaHo8KU, co30aHHOU  Kak o0bbekm
uccriedogaHus 8 Y4ebHo-Hay4YHOM UHCMUmMyme 3Hep2emuKku, asmomamuku u
aHepaocbepexeHuss HYbull YkpauHbl. [onydyeHbl OuazpamMmbel exodsuwel u
8bIxo0suwel memrnepamypbl 8aKyyMHO20 CO/THEYHO20 KOMIIIEKMOopa.

CosniHe4yHas1 aHepausi, 2opsivee e000CHabxeHue, a¢ghghekmuesHocmb
KoJuiekmopa, 8aKyyMHbIU COJTHEYHbIU KOJ1I/IeKmop.
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