EneproedexkTBHiCTH Ta eHepreTnuHa Oe3mneKka eekrpoeHepreTnaHamux cucreM (EEES-2020)

UDC 621.311.48

INVESTIGATION OF GENERAL OPTIMIZATION CHARACTERISTICS
IN BASIC SOLAR COLLECTOR MODEL FOR PVT SYSTEMS

Zaitsev R., Minakova K.
National Technical University «Kharkiv Polytechnic Institutey, Kharkiv, Ukraine

The structure of the general model of heat transfer of the solar collector is of-
fered in the research [1] and the most important parameters of heat transfer processes
are considered, such as coefficient of thermal convection of water, water flow rate
and water flow capacity, which are mainly determined by system parameters and lig-
uid consumption. In this model, it is proposed to take into account the turbulence of
the fluid flow, to choose the most efficient mode of fluid flow, and hence the fluid
flow rate for heat transfer. The methods of increasing the amount of heat removed
from the surface of the solar collector coming to it due to the total solar energy, as
well as optimization methods for different temperature gradients are briefly present-
ed. The analysis of the results shows that the methods of increasing the efficiency of
heat removal from the surface, which corresponds to the achievement of the maxi-
mum removed power, strongly depend on the fluid flow rate and the temperature gra-
dient. The optimal values of the temperature gradient are determined on the basis of
the analysis of the liquid flow rate and the value of the drained power.

The generation of thermal energy from solar is of great interest among re-
searchers. The electrical efficiency of solar cells is low, so most of the incident sun-
light is lost in the form of heat. The temperature of the solar cell increases due to this
heat, which leads to a decrease 1 of the photovoltaic system. Therefore, the removal
of thermal energy arising and associated with the solar cell is necessary to achieve
maximum efficiency. Creating combined photovoltaic—thermal system (PVT), which
converts incident radiation into electricity and heat at the same time, is gaining popu-
larity [2]. PV surface cooling with water as coolant, the system can be significantly
improved [3]:

nzno[l_Bo(Tc_To)]a (1)

where 1, — solar efficiency at standard test conditions (STC), B, — temperature coeffi-
cient of efficiency (1/K), T, and T, — solar cell and coolant temperatures (K), respec-
tively. The coolant in the PVT system is then used to heat the water in the secondary
circuit and its further use in domestic needs [4]. Modern humanity are accustomed to
the presence of hot water in the home and PVT cooling system satisfies the need for
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electricity and hot water simultaneously.

However, the lack of a good consistent model is an obstacle to the widespread
optimization of such systems. And the creation of such a generalized model for tak-
ing into ac-count all the necessary parameters is an urgent task to this day.

For example, earlier in [5] efforts were made to create a model for adsorption
cooling: innovative adsorbing materials and heat pipes were applied, the specific heat
removal capacity was improved, and an efficiency equal to 0.39. The numerical mod-
eling and optimization carried out in [6] allowed us to obtain typical values for the
efficiency of about 0.15, that is not consistent with the experimental results. Also
conducted experimental studies of two—stage systems [7], various different cycles
(e.g. continuous heat recovery, mass recovery, heat wave, cascade effect), in [8, 9]
calculated value for efficiency of such systems close to 0.5.

Further research, like previous ones, considering the disparate experimental re-
sults and described them as a private physical models not working in general [10].
Therefore, the aim of this work was to propose the basis of a general model of heat
exchange of the solar collector, which allows us to take into account all the necessary
parameters, including parameters for the development of PVT systems.
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Figure 1 — A fragment of the solar collector for testing the model (a) and scheme
of the measuring stand (b) [1]
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MIABUIIEHHS EHEPTOE®EKTUBHOCTI CUCTEM HEPEJIAYI
EJIEKTPUYHOI EHEPI'II IIJISIXOM OLIHKU NEPEBAHTAKYBAJIBHOI
CITPOMOKHOCTI KABEJIIB 3 I30JISIHICIO 13 3HIUTOIO NOJIETUIEHY

Awnroneus T.FO.!, Tonrap 10.I'%, MiporTi O.€.’

At «3ABON IIIBJEHKABEJIb», Ykpaina, m. Xapkie
? Hayionanvnuii mexuiunuti ynieepcumem « XapKiecbKuti NOMTMEXHIYHUL THCIMUMY My,
Ykpaina, m. Xapkie

Byap-sikuii cioxuBay, KM €KCIUTyaTye eJIeKTpUYHI Mepexi Hanpyroto 6-10 kB
1 BUIIE, BUKOPUCTOBYE CHIIOBI kKabemi. KabenpHi JiHIT MalOTh BENIMUYE3HY TEpeBary
nepen MOBITPSHUMU JIIHISIMU, BOHH O€3MeYHilT, HaAiiHIII 1 3py4Hilli B eKCIuTyaTa-
ii. KaGenpHi NiHIT MEHIIIOI MIPOI0, HIJK TMOBITPSAHI, CXUJIBHI 0 HEOE3MEYHHX 1 €JIeK-
TPOMAarHiTHUX BIUIMBIB, CTBOPIOBAHMX aBTOMATHUKOKO 1 TEJIEMEXaHIKOIO PI3HUX JIHIN
eJIeKTporepeaadi Ta KOHTAKTHUMH MEPeKaMi eIeKTPUIHHUX 3aJTi3HUIIb.

B nanuii yac xabesni 3 manepoBOIO 130JISIIEI0 aKTUBHO 3aMIL[YIOThCS KaOeIsiMu 3
130JIA1I1€10 13 3MUTOrO notieTuineHy. CuitoBi Kadel 3 130J511€0 13 3IMIUTOrO MOIIeTH-
JIeHy 3HaXOJATh IIHPOKE 3aCTOCYBaHHS B CHCTEMax PO3MOJALTY €JIeKTPUYHOI eHeprii
Bcix kiaciB Hampyru [1]. Tenmenuis nepexomy Bia KaOemiB 3 MamnepoBOIO MPocode-
HOIO 130JIAII1€10 0 KaOeiB 3 130JIAIIEI0 13 3IIMTOr0 MOMieTUICHy 00yMOBIICHA THM,
10 3pOCTAalOTh BUMOTM EKCIUTYyaTyIOUMX OpraHi3aliid 10 TEeXHIYHUX MMapaMeTpiB Ka-
oeniB. ToMy, LIKaBUMH € 3aBJaHHS MIJBUIIEHHS €HEProe(EKTUBHOCTI ICHYIOYHUX 1
IPOEKTOBAHUX CHUCTEM IMepeaadl €JIEKTPUYHOI €HEprii 3 ypaxyBaHHSIM Oe€3MeYHUX
YMOB €KCILTyaTatii.
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