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Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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THEORETICAL PREREQUISITES OF ELECTRIC WATER HEATING
IN SOLAR COLLECTOR-ACCUMULATOR

Abstract. In the article herein, we consider the theoretical prerequisites of the solar collector accumulator
energy saving sources One of the solar collector-accumulator main peculiarities is in the fact that it works under cold
temperatures or in the dull days due to design features. There was proposed a new method of the flat solar collector
using modern materials, thanks to which the collector’s performance upgrades and its cost reduces. Collector’s
efficiency is reached owing to the proposed construction, which consists of transparent thermally insulated body,
semitransparent color, absorber’s capacity, thermoelectrical heater. Thermoelectrical heater is a main feature, which
is used for water heating. Proposed new method of thermoelectric heating is theoretically substantiated and consists
in adjusting the thermoelectric power to changing the stress in appropriate range, as well, to changing the resistance
of thermoelectric heating elements through switching from sequential circuit to parallel one. The new electric scheme
has been offered as a controlled thermoelectric heater inside the collector. Solar collector-accumulator researches and
workings in the mode of electric heating show, that the computation of water heater average value from 5 mo 9%
confirms the suggestion about the theoretical outcomes of the solar collector accumulator work. There have been
selected thermoelectric capacities values as 1,5, 3,0 and 4,5 kW, liquid optimal temperature (60 °C) has been reached
for 3 hours at capacities 3,0 and 4,5 kW, it is a good result for a cold season or dull days. Economic analysis of using
the proposed thermoelectric capacity inside the solar collector is not considered in the work herein and remained for
further studying.

Key words: solar collector-accumulator, solar energy, thermoelectric heating element, electrical energy.

Introduction. Fossil fuel and nuclear energetics for energy resources sustainable development at
present shall be promptly changed with renewable energy resources. Renewable energy resources are
stable and able to satisfy the current and future projected global needs in energy without any impact on the
environment. For sustainable meeting of the world demands in energy renewable energy resources such as
the solar energy, wind, hydro energetics, and biogas are proper alternatives. The best alternative for mee-
ting the growing demand in energy is the solar one. Solar radiation transformation into the heat is one of
the simplest and direct means of using its power. Flat solar collector is a device, used for transforming the
solar energy into the thermal one. Flat solar collectors nowadays are most widely used all over the world
in water heating commercial and domestic systems Therefore, the domestic sector can reduce its impact on
the environment by installing the flat solar collectors for water heating. Flat plates, vacuum-processed
tubes or concentrated collectors are solar collectors for domestic hot water. The most frequently used type
for the low temperature medium is a single-layer flat plate.

The main component of the solar water heater is a flat plate collector. An absorber plate serves as a
central element of the collector. Solar collector thermal specifications depend on optical and thermal
properties, as well, on absorber’s design. A standard flat collector consists of an absorber in the insulated

— 54 ——
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box together with transparent covers (glazing). An absorber usually consists of a metal sheet (as copper,
aluminum) with high thermal conductivity with the built-in or connected tubes. Its surface is covered with
special selective material to maximize the beam energy absorption along with the beam energy radiation
minimization. Insulated box reduces the heat losses in the collector from its backward and lateral sides [1].
The most commonly and widely used collector is a thermosyphon or naturally circulation system of solar
water heating system (SWHS). It consists of a plate collector, accumulating tank and connecting tubes.
Collector contains an absorber plate, water riser and collecting pipes, glass cover, body and insulation.
Water in water risers is heated and flows to a reservoir for storage due to difference in density. Its flow
depends on thermosyphon head, related to buoyancy effect, corelated with water density change, caused
by water temperature rising in the solar collector. The solar energy is used in various areas for many
applications. In the works [2, 3] there were carried out sufficient quantities of experiences on transforming
the solar energy into heat. There were many works using a single phase heat transfer technology. In this
article [4], there has been developed a microprocessor control system that provides synchronous operation
of a solar power station with an electric grid. It is shown that, in practice, the voltage in the mains does not
correspond to a pure sinusoid and has distortions to which the output voltage of the inverter must be
adapted. In the researches [5-9] the experiments have been conducted in the solar collector with flat plates
using a single phase heat exchange process, with application of non-insulated reservoir for water and
uninsulated collecting tube, as well insulated reservoir for water and an insulated tube. For that purpose, a
flat solar collector operates as a heater and a reservoir for water maintains the heat water. There is a
possibility to cut huge heat losses, as well from a collecting tube. Final result is water temperature rise and
that of flat collector performance, which will happen.

A flat solar collector is usually used for the solar energy transformation into an effective thermal
energy. A collector in the heating and water supply systems is designed for moderate temperature. Thanks
to absence of electric energy expenditures comparing to conventional electric heaters, usage of solar water
heaters plays an important role [10].

The solar collector output reduces due to a bigger factor of heat transfer due to upper capacity loss
and, as a consequence, owing to lower thermal characteristics [11]. It has been defined, overall heat loss,
i.e., 75%, occurs from the upper collector [11]. In the work hereby there has been specified the influence
of the surface radiating and absorbing ability at the different temperatures characteristics [12].

In our article the researchers study theoretical prerequisites of the energy saving electric water
heating in the solar collector-accumulator.

To perform theoretical prerequisites the developers investigated a new flat solar collector accumu-
lator, as well, performed experimental investigations and substantiation of the parameters of the electric
heating energy savings means, applying a thermoelectrical heater, inbuilt into a flat solar collector.

1 3

Figure 1 —
Principal diagram of a flat solar collector-accumulator:
1 — thermally insulated body; 2 — translucent cover;
3 — absorber tank; 4 — thermoelectric heater

4

To achieve the prescribed goal it is offered to implement a new approach to designing the flat solar
collectors accumulators using model materials, at the expense of which we can get sufficient reduction
(2-3 times) of the solar installation cost. The offered method essence and novelty is in the fact, that, in
distinction from the known designing principle, the collector contains 1 — transparent thermally insulated
body; 2 — translucent cover; 3 — absorber tank; 4 — thermoelectric heater.

55 ——
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In the gap between a double glass and frame bottom there is laid a flexible thin wall stainless
corrugated tube 4216 mm in the coil form. The pipe edges are fixed to the input and output protruding
tubes. Thermoelectric heater mounted inside between a double glass and frame bottom. Thermoelectric

heater is the principle component for electric water heating.

Figure 2 —

Figure 2 demonstrates a mockup of a solar collector-accumulator. Solar collector is the main heat
generating unit, the energetic and operating indices of which directly depend on the solar installation
parameters. To achieve our set goal we have elaborated a brand new flat solar collector-accumulator based
on which there will be constructed the standard series of solar collectors for water heating.

Table 1- Technical specifications of a flat solar-collector accumulator

A full scale model (mockup)
of a flar solar collector -accumulator

Transparent insulations layers number 2
One collector square, m? Upto2
Water heating average temperature 60-80
Flowing capacity regarding the solar radiation upon falling the sunbeams normally onto the surface 0,89
Specific volume for heat transfer medium, 1/m? 2,0
Absorbing capacity with regard to solar radiation 0,99
Operational pressure, MPa 0,7
Overall dimensions, micron 1x2
Product of optical factor Thermal Efficiency and the panel absorber performance rate 0,8
Multiplication of collector thermal loss factor by the panel absorber performance rate 0,75
Ratio of heat absorbing surface square 0,95
Collector mass, kg 60
Life cycle, years 15

Research method. One of the solar collector-accumulator’s functions is electric water heating in the
cold season or in dull days upon solar radiation absence. The researches have shown that the traditional
means based on heating at thermoelectric heater constant power tolerates sufficient energy losses, which
can lower controlling the heating regularities from the initial (#,) to final (#) temperature.

E, :c-m-(tk—to)+ka-Faf(t—tm)-dr,

where ¢-m — specific heat capacity and water mass; k,-F, — specific heat losses and solar collector surface
square; , t,, tx — current, initial, final temperatures of water being heated; ¢, — environmental temperature.

In this connection there were offered the new techniques of water heating:
— 56 ——
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— regulating the thermoelectric heating capacity by means of stress changing from initial (U,) to
final (U,) (Up,< U< Uy);

— changing the thermoelectric heating resistance, for instance by means of switching it from series
to parallel scheme.

We have drawn up the equations of heating techniques energy balances [13]:

conventional P,,=const

dt U,
ka'Fa(t_tm)_I—cn/lE:PTEH:Th (2)
regulating the thermoelectric heating stress
dt d
ka-Fa(t—tm)+cm—:@, U,< U< U, . 3)
dr dr
By the solution (3) there were set the formulae of:
current temperature (¢):
2
(t—t )=U—H l—exp—ka'Fa-r +(t —t )-exp—ka'Fa-r 4)
m:- Rk -F cm o m cm
a "a
heating time from ¢, to #
em U2 =R-k,-F,(1,~1,)
T, == n-— , 6))
ka'Fa UH _R.ka.Fa(to_tm)
heating energy capacity [13]
U 2. T U 2 1'2 T
chm(t—to)+ : - ——1f +t, |-—-exp| —— | (6)
R-k,-F | R-k,-F, T, T,
Under the decision (6), there were set the formulae of:
stress provided the temperature linear changing [14]
t —t cm- R
U*=U?+k,-F,-R| “—2 -7 +1, |+ (t. 1), 7
‘ T, T
thermoelectric heating initial stress [14], provided that at 1., U =U,
cm- R
Us =U;~k, F, Rt +——(t,~1,), ®)
T
heating energy capacity
tK - tO
E=cm(t—t)+k, -F,- o2+t —t, ) ©)
27,
thermoelectric heating average integral capacity [14]:
cm t.+t,
Paverage:z__.(tk_to)-i_ka'Fa'( 2 ) (10)

There have been fulfilled experimental researches in order to confirm the convergence of theoretical
(designed) and experimental outcomes.

The article developed a microprocessor control system that ensures the synchronous operation of a
solar power station with a power grid. It has been shown that in practice in the power supply network the
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voltage does not correspond to a pure sine wave and has distortions to which it is necessary to adapt the
inverter output voltage [15].

In article [16], the authors proposed a physical and mathematical description of a process of
converting solar energy, research of a physical and mathematical model of an energy converter and
description of a model of low — power solar thermal power plant (STPP) designed to maximize using of
solar energy. In developing design of low — power STPP will allow using a coefficient of solar energy
efficiency (SEE) until 50%. STPP will solve problems with a shortage of power systems due to high cost
energy resources and a lack of energy in remote areas of the country also it will not have a negative impact
on environment which is relevant at the moment.

In article [17] a heat loss of flat solar collectors is considered. It is proposed that if water heated to
60 °C (in some cases to 80 °C) it will be necessary to divert water. In static state, the same heat flow
passes through an air between heat receiver and glass, meets thermal resistance during a transition to
atmospheric air. The thermal resistance in direction of the glass consists of the following values: the
thermal resistance of the air gap between the beam and the absorbing surface of the heat receiver and the
glass surface facing it.

Electric heating energy saving method’s experimental studies and parameters substantiation have
been fulfilled on the stand, the scheme of which is given on the figure 3.

o

2 3 &) 220V

1

Figure 3 — Scheme of the stand for studying regularities of the solar collector-accumulator electric heating:
1 — thermally insulated body of the solar collector; 2 — translucent cover; 3 — c¢; 4 — circulating pump; 5 — flowmeter;
6 — pipeline; 7 — tubular electric heater; 8, 9 — thermometers for measuring water temperature at absorber’s tank input and output
and the environment; 10 — set of electric measuring devices K 501; 11 — autotransformer.

Stand scheme consists of thermally insulated body of the solar collector 1, translucent cover 2,
absorber tank 3, circulating pump 4, flowmeter 5, pipelines 6, thermal electric heater with a thermal regu-
lator 7, thermometers 8, 9, for measuring water temperature at absorber’s tank (¢;) output and input (z)
and the environment (#,), measuring device K 501 and an autotransformer 11 for regulating the thermal
electric heater capacity.

Water heating is fulfilled by switching on the thermal electric heater to the network through
autotransformer, which allows regulating its capacity smoothly from 0 to nominal value. Circulating pump
serves for mixing and aligning water temperature between lower and upper layers.

Measurements metrological maintenance:

— mercury thermometer, with division value 0,1°C, for measuring water temperature at the input (¢;)
and output (¢;). They are placed at 10cm distance from the collector (position 8);

— mercury thermometer, with division value 0,2°C for measuring the environment temperature ()
(position 9).

The process energy capacity for the sought time interval is defined by the capacity multiplying
measured with a wattmeter by the interval duration, for every hour interval, and total energy capacity by
summing the intervals energy capacity.
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Electric heating in temperature linear rising mode from ¢, to #. is executed by means of the stress
regulation from initial U, to final U,=220 V according to a certain designed regularity, where the stress
interval values are computed according to a formula:

U=yem-(t,—t_)+k-(t,~t_) R,

1

where R, — thermal electric heater resistance; #;, #;.; — water temperature in i-m and i — [* interval, &=0,029
kW-h/degree — coefficient of the solar collector-accumulator total heat losses (defined experimentally),
k=U;"Srr4, Srxa — square of the flat solar collector-accumulator surface.

The stress change is performed manually, stepwise, in hours interval, and experiment with the stress
regulation is repeated for thermal electric heater’s each nominal capacity P, = 1,5; 3,0 and 4,5 kW.

Results and discussions. Results of experimental measurements and rated values of the uncontrolled
(at thermoelectrical heater’s constant temperature) electric heating dynamics of solar collector-accumu-
lator electric heating, dependent on time, with different capacity thermoelectrical heaters (Prn= 1,5, 3,0
and 4,5 kW) are given on the figure 2. Analysis shows, that divergence between the experiments and
computations outcomes is, in average from 5 to 9%, which confirms the convergence of theoretical
conclusions.

Diagrams have exponential regularity, connected with heat losses growth due to the heat temperature
increase, and in the working range — from 20 to 60°C, the solar collector-accumulator heating at the
thermal electric heaters capacity at 1,5 kW achieved for 1...10 hours. As it is seen from the figure 4 in the
winter period at experimental research and computation the solar collector-accumulator at the thermal
electric heating at 1.5 kW the heating time at the temperature from 20 to 60°C has changed from 1 hour to
10 hours. It confirms, that the solar collector-accumulator has worked in the dynamic regime at the
constant capacity.

With increasing the thermoelectric heating capacity 2 times up to3,0 kW, the temperature 60°C
achieved for 3 hours, and at the capacity 4,5 for 1,6...1,8 h. At that the temperature regularity through
time changed practically linearly.

We have defined rated and experimental energy intensities of uncontrolled (at thermoelectric heater’s
constant capacity) water heating in the solar collector-accumulator. Results comparability has been
provided with observing the experiments and computation similar conditions. Experimental measurements
outcomes are given on the figure 4 in denominator, and rated values - in numerators (upper numbers).

It was specified, with capacity increasing the process’s energy intensity decreases. For example, at
the capacity 1,5 kW the energy intensity (experimental) of electric heating has amounted to 14,8 kW-h,
including heat losses of 7,8 kW-h or 52,7%. With the heating capacity increase 2 times (3,0 kW) the
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0
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heating energy intensity decreased to 9,8 kW-h, and heat losses down to 2,8 kW, i.e., to 28%, at the
capacity 4,5 kW energy intensity reached 9,2 kW-h, and heat losses 2,2 kW-h, i.e., decreased to 24%.
We have studied the regularities of control electric heating.
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The figure 5 shows experimental and rated outcomes of processes energy intensities at th heating

capacity 1,5, 3,0 and 4,5 kW.

E.kWixsh

14

Figure 5 —

Rated (numerator) and experimental (denominator)
energy capacity at electric heating from 20 to 60°C
under the heating element’s constant capacity:
1-1,5kW;2-3,0kW;3-4,5kW

1 2 3

As it is seen from the figure 6 in the process of controlled heating, there has been maintained the
temperature linear growth from 20 to 60°C, through regulation the thermoelectric heater stress with a
capacity of 1,5 kW ot U, = 165V no U, = 220V. At that process energy capacity has amounted to 13,1 kW,

that is, it is less 1,7 kWA or for 11,5%, comparing to the controlled heating.

E,kWtxsh
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Figure 6 —

Rated and experimental energy intensity
of the controlled electric heating, regulating
the heating element’s deformation
(1-P=15kW,U=165+220V,
2-P=3,0kW,U=200+220V;
3-P=45kW,U=210+220V)
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Figure 7 —
150 ] Controlled patterns during heating
with a 1.5 thermoelectric heaters;
3.0 and 4.5 kW
(respectively, graphs 1, 2 and 3)

100 F
,5/6?/ and the linear heating temperature
/ of the 1.5 kW heater
. i ]

Time (h)

The same regularity has been observed at other capacities as well. Energy intensity of the controlled
heating at the capacity 3,0 kW has been 9,4 kW-h, and upon uncontrolled 9,8 kW. At the power 4,5 kW
those indices have amounted to 8,7 and 9,2 kW-h, accordingly. That is, there is achieved the energy

intensity decrease for only 4% as regards to the noncontrolled heating.
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The figure 7 demonstrates the regularities of stress change (diagrams 1, 2, and3) at which there has
been maintained heating temperature linear growth and the graphs 4 and 5, as an example, accordingly,
rated and experimental (dashed curve) regularities of thermoelectric heater linear heating with a capacity
1,5 kW at stress regulation from U,=165V to U,=220V, where maximum rated and experimental
temperatures haven’s exceeded 5C°.

Conclusion. In the work herein there were given the theoretical prerequisites of energy-saving
electric water heating in the solar collector-accumulator. There were specified designed and experimental
energy intensities and dynamics of controlled and uncontrolled electric water heating in the solar
collector-accumulator with thermoelectric heaters of various capacities.

In the controlled heating process there was the temperature linear growth from 20 to 60°C, through
the stress regulation by thermoelectric heater with a capacity of 1,5 kW from U,=165V to U,=220V.
Process energy intensity constituted 13,1 kW-h, that is, it was less for 1,7 kW-h.

In the uncontrolled heating process there took place practically the temperature linear rise 20 to 60°C,
through the stress regulation by thermoelectric heater with a capacity 1,5 kW from U, = 165V to
U, = 220V. Electric heating energy intensity (experimental) amounted to 14,8 kW-h, i.e., it was higher
than at uncontrolled heating.

Thus according to the outcomes of experimental measurements and rated values of uncontrolled and
controlled electric heating of the solar collector-accumulator, dependent on the time, by means of
thermoelectric heater shows, that at different capacity (Pren = 1,5, 3,0 and 4,5 kW) there is divergency
between experiments and computation outcomes which is , in average, from 5 to 9%, which proves the
theoretical conclusions convergence.
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TEJTUOKOJIEKTOP-AKKYMYJISATOPJIAFBI CYJIbl SHEPTUSI YHEMJIEN
SJIEKTPJIK KbI3/IbIPY IbIH TEOPUAJIBIK HET'T3IEMEJIEPI

AHHOTanusi. Makanazia KyH KOJJIEKTOP-aKKyMYJIITOPBIHBIH 3HEPTHsl YHEMCYII Ke3EepiHiH TEOPHIIBIK HET13-
JieMeniepi KapacThIpbuiaabl. KyH KOIEKTOP-aKKyMYJISITOPBIHBIH 0acThl €pPEeKIICTIKTePiHIH Oipi — O KYPhUIBIMIBIK
€pPEeKIIETIKTEePIHEH JKBUIABIH CYBIK YaKbITBIHIA Jla HEMece OYJITTBI KYHIEpi Zie >KyMbIC xkacainsl. Kosmekropasix
KYHBIH TOMEHJIETYTe JKOHE THIMALIIIIH apTThIpyFa dcep eTeTiH 3aMaHayW MaTepuaiapibl KOJZaHyMEH jKa3blK KYH
KOJUIEKTOPBIHBIH JN3aHBIHBIH YKaHa TOCUI YCHIHBIIIBL. KOJUIEKTOPIBIH THIMIUIITIH apTTBIPY TEPMOAJIEKTPIIIK JKbI-
JBITKBINI, abcopOep CHBIMABLIBIFBI, JKapThUIad MOJIIp >kKaOblH, MOJIp KbUIy OKIIAYJAYBII KOPIYCTAaH TYpPaThiH
KYPBUIBIMHBIH apKAChIHIA KOJI KeTKi3iedi. TepMoaIeKTpIliK KbUIBITKBIII — CYJIbl )KBUIBITY YIIIH MaiaJaHbUIAThIH
0acThI epeKIIeNiK.

TepMOodneKTpIIiK KbI3ABIPYABIH YCHIHBIIATBIH JKaHa 9/IiCi TEOPUSUIBIK TYPFBIJaH HETi3/IereH KoHe PyKcaT eTil-
TeH HIEKTeyAe KEePHEYAl e3repTe OTHIPHIN allbIHFAH TEPMOUIEKTPIIK KyaTTBUIBIKTHIH OanTayblHaH, COHBIMEH Karap
TI30EKTIZIeH MapaIesiiKk chbi30ara aybICTIPY KOJIBIMEH TEPMOIIEKTPIIIK XKBUIBITY AJIEMEHTTEPiHIH KeAepriCiHiH 03-
TepTyJIepiHEeH TYPabl.

Komnexrop imriHmeri 6akpIaHATBIH TEPMOAIIEKTPIIK KBUIBITKBIII PETIHAE KaHA AJIEKTP ChI30achl YCHIHBUIFAH.
DJIEKTPIIIK JKBUIBITY PEKUMIHAETT KYH KOJUIEKTP-aKKYMYJIATOPBIH )Kacay MEH 3epTTey cynsl S5-TeH 9 %-ra neiinre
JKBUTBITYIBIH OpTallla MOHIH €CEeNTEeYAIH KYH KOJUICKTOP-aKKyMYJIATOPBIHBIH TEOPHSIIBIK HOTIDKECI Typamsl 00i-
YKaMbIH pacTaWTHIHABIFBIH Kepcetedi. Tepmoanektprik 1,5, 3,0 sxoHe 4,5 kBT KyaTThIIBIK MOHI TaHAAM anbHIBL 3,0
KoHE 4,5 KBT KyaTTBUIBIKTBI KOJIaHyAa 3 caraTTa CYMBIKTHIKTHIH THIMII TemneparypachkiHa xeTTi (60 °C), cybIK
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Me3riIiep MEeH OYJITTBHI KYHJEp YIIiH OYJI )Kakchl HOTMXKe. KyH KOJUIEKTOpBI ilIHAET] YCHIHBIIFAH TEPMOIJIEKTPIIIK
KyaTTBUIBIKTBI KOJIJIQHYJbIH SKOHOMHKAIIBIK TYPAET Tajjaybl Makayaja KapacThIPbIIMAaiAbl JKOHE apbl Kapai
3epTTeyre KaaThIpblUIabl.

Tyiiin ce3mep: KyH KOJUIEKTOP-aKKYMYJISITOPBI, KYH SHEPTHSIChI, TEPMOIJIEKTPIIIK KBUIBITY DJIEMEHTI, 3JIEKTPIIIK
SHEPTHSL.
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TEOPETUYECKHUE INPEAITIOCBIJIKA QHEPI'OCBEPETAIOHIEI'O JIEKTPHYECKOI'O
HATPEBA BO/IbI B TEJIMOKOJIVIEKTOPE-AKKYMYJISITOPE

AnHoTanusi. B craThe paccMaTpuBalOTCS TEOPETHUECKHE IPEIIOCHUIKM 3HEProcOeperarommx HCTOYHUKOB
COJIHEYHOI'0 KOJUIEKTOpa-akKyMyJisitopa. OJJHOM M3 INIaBHBIX OCOOCHHOCTEN COJHEYHOTO KOJIEKTOPa-aKKyMyJIsiTopa
SIBJISIETCSL TO, YTO OH pabOTaeT B XOJIOJHOE BpPeMS rofia WM B MACMypHBIE JHU HM3-32 KOHCTPYKTHBHBIX OCOOEHHOC-
Teit. IlpennmoskeH HOBBIA CIOCOO AM3aifHA IUIOCKOTO CONHEYHOTO KOJDIEKTOpa C HCIIONB30BAHHEM COBPEMEHHBIX
MaTepHayoB, Oiaronapsi 4emy IMOBBIIIACTCS dPPEKTHBHOCTD M CHIKACTCS CTOMMOCTD KOJUIEKTOpa. D¢ (EeKTHUBHOCTH
KOJUIEKTOpa JAOCTUTHYTa Onarofapsi MpeyIoEHHON KOHCTPYKIMH, KOTOpas COACPXKUT MPO3pPAdHbIN TEIIOU30IIH-
POBaHHBIN KOPITYC, HOIYMNPO3pavyHOE MOKPHITHE, EMKOCTh abcopOepa, TePMOIIEKTPUIECKUI HarpeBaresb. Tepmo-
JIEKTPUUECKUN HAarpeBaTellb — 3TO INIaBHAs OCOOEHHOCTb, KOTOpasi CIOJIb3YETCsl JJIsl HarpeBa BoAbl. IIpemnoxken-
HBII HOBBIN CII0CO0 TEPMOBJIEKTPUYECKOTO HArpeBa SBJISIETCS TEOPETUYECKH 0OOCHOBAHHBIM M COCTOUT U3 HACTPOIi-
K1 TepMO:)JIeKTpI/IlIeCKOﬂ MOMIIHOCTH C UBMCHCHUEM HalPsSHKCHUA B IPUCMJIEMBIX MPEACIax, a TAKXKEC ¢ ©BMCHCHHUECM
COIPOTHUBIICHUS TEPMODJIEKTPHYECKUX HArpeBaTeIbHBIX HJIEMEHTOB IIyTEM IEPEKIIOUEHHS C MOCIIEA0BaTEIbHOM CXe-
MBI Ha napajuienbHyto. HoBas anektpudeckas cxema Obula IpeJIoKeHa B Ka4eCTBE YIPABISIEMOI0 TEPMODJIEKTPH-
YEeCKOro HarpeBarellsi BHyTpH KoJulekTopa. MccnenoBanus U pa3pabOTKH COJIHEYHOTO KOJUIEKTOPA-aKKyMyJsITOpa B
PEeKHMeE 3JIeKTPooOOrpeBa MOKa3hIBAIOT, YTO PACUET CPEIAHEro 3HAUYEHHs Harpesa BOIBI OT 5 10 9% mnoarBepkaaer
MIPEATION0KEHHE O TEOPETHUECKUX PEe3yNbTaTax pPabOTHl COTHEYHOI'O KOJJIEKTOpa-aKKyMyJsiTopa. beumi BbIOpaHBI
3HAYCHUS TepMOANIEKTprdeckor MomHocTH 1,5, 3,0 u 4,5 kBT, ontumaneHas temmepatypa xxuakoctu (60 °C) mo-
CTUTHYTA 3a 3 Yaca IIpH UCIIONIb30BaHuK MotnHocTer 3,0 u 4,5 kBT, 3T0 Xopommii pe3yabTaT I XOJIOJHOTO Ce30Ha
WIN B MACMypHbIE THH. DKOHOMHUYECKUH aHAIN3 UCIIOIb30BAaHMS IIPEAJIAraéMol TEPMOAIEKTPHUECKOH MOIHOCTH
BHYTpPHU COJTHEYHOTO KOJUIEKTOPA B CTAThE HE PACCMATPUBAETCS M OCTACTCS IS AATbHEHIIET0 HCCIIEA0BAHUS.

KnroueBble cjI0Ba: COMHEYHBIH KOIIEKTOP-aKKyMYJIITOP, COJTHEYHAs! SHEPTHs, TEPMODIEKTPUIECCKUII Harpe-
BaTEJIbHBIN QJICMCHT, DJICKTPUYCCKAA SHCPI'Us.
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