ISSN 2076-2429 (print) . . o 53
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 1(63), 2021

ENERGETICS

EHEPI'ETHUKA
UDC 662.997+697.7

V. Wysochin, PhD, Assoc. Prof.,
V. Nikulshin, DSc, Prof.,

A. Denysova, DSc, Prof.
Odessa Polytechnic State University, 1 Shevchenko Ave., Odessa, Ukraine, 65044; e-mail: vvwin.od@gmail.com

FACTORS OF THE PVT-COLLECTOR
EFFICIENCY FORMATION

B.B. Bucouun, B.P. Hixynowun, A.€. [Jenucosa. ®axropn popmyBanus edpexruBHocTi PVT-koaextopa. [IpoBeneHo aHamiTHyaHi
JOCITIKEHHSI TiOpUIHOro coHsiyHOro konektopa (PVT) mpu BUpOOHMITBI €IEKTpUYHOI i TEmioBoi eHeprii. MaTemMaTHyHa MOJIENb, IO
NpHifHATA, JO3BONISE NPOAHai3yBaTH XapakTtepuctuku PVT-konekTopa — TemmepaTypy HarpiBaHHs abcopOepa W OXOJOIHOI piauHH, a
TaKOXX MPOAYKTHBHICTH 3aJ€XKHO BiJl 30BHILIHIX 1 PSKUMHHX YMOB poOOTH mpHcTporo. Mera poboTH — po3pobka METOIY PO3pPaxyHKY
EKCIUTyaTalliiHUX XapaKTepUCTHK i BU3HAYCHHS DAIllOHAIBHUX EKCIUTyaTalliiHUX PEeXHUMIB pOOOTH TiIOPHIHOTO COHSAYHOTO KOJIEKTOpa 3
ypaxyBaHHSM €(pEKTUBHOI IPOAYKTUBHOCTI. BUKOPUCTaHO KOMIUIEKCHY MAaTeMaTU4YHY MOJEJb JIOKaJbHOTO aHaji3y MpPOLECiB TeII00OMiHy
il enexTporeHeparii ribpuaHOro COHSYHOIO KOJEKTOpa Ml PealbHHX YMOB JMHAMIUHOI COHAYHOI i KiiMatnuHoi cutyauii. IIpoBeneHnii
aHai3 TeIUIOOOMiHY y BapiaHTHHX yMOBax IIOKa3aB, IO e(EKTHBHICTH Mepeiadi Teruia B CHCTEMi OXOJOPKEHHs KOJIEKTOpa Tz, iHAKIIe
CIIBBIAHOLICHHs TeMIepaTypu abcopOepa if KiHIEBOI TeMIepaTypu TEIUIOHOCIS, HE € MOCTIHHOK BEIMYMHOIO I 3HAYHO 3MIHIOETHCS Iif
BIUTMBOM 30BHIIIHIX i BHYTpilIHIX (hakTopiB. Ha Hei BIuMBae iHTEHCUBHICTD 1HCOMALIT I BUTpATa TEIUIOHOCISA. 3 POCTOM LIMX HapaMeTpiB My
3HIDKYETBCS. ICHYyIOUa 3aIeKHICTD eIeKTPHYHOI MOTYXKHOCTI (pOTOENEMEHTa BiJf BUTPATH OXOJOAHOI PiIMHU XapaKTEPH3YEThCs HASBHICTIO
JIBOX BUPQKCHUX IUISHOK, SIKI PO3PI3HAIOTHCS TemroM 3MiHM (yHkuii. Ilepma 3 HHX, 3 HEBHCOKOK IHTCHCHBHICTIO TOTOKY DiJMHH,
BIJIPI3HAEThCA 3HAYHUM BIUIMBOM (YHKIIOHAJIBHHX MAapaMeTpiB, OpYyra, NpH BHCOKiM IHTEHCHBHOCTI — aCHMOTOTHUYHOIO CTa0ii3amiero
noTy)HOCTi. ['paHMYHi 3HAYEHHs TIEPeXOTy BETHUMHH TEMITy 3HIKEHHS QYHKII BigmoBimarots Butpati pimmau 0,08...0,085 m/(m%c). Lli
3HAYCHHS MOXYTh OYTH NpPHHHATI Ans panioHamizanii pexxuMy OXOJOKeHHs (oTodatapei. OTpUMaHO y3arajibHIOIOUI 3aleKHOCTI s
BHM3HAUCHHS TEMIICPATypH PIIMHU Ha BUXOZI i3 MPUCTPOIO i CepeaHboi TeMnepatypu abcopbepa, siki MOXKYTh OyTH BUKOPUCTaHI AJIsI OLIHKH
e(eKTHBHOCTI NEPETBOPEHHS COHSYHOI €HEPTil B €ICKTPUYHY i TEIUIOBY SHEPTil0 B 3aBJAHHIX PEXKIUMHOI ONTUMI3aLlii.

Knrouosi cnosa: ribpuHuid COHSYHUN KonekTop, PV T-konekrop, TeMiepaTypHHii pe)uM, BUTPATa TEIUIOHOCIS

V. Wysochin, V. Nikulshin, A. Denysova. Factors of the PVT-collector efficiency formation. Analytical researches of a hybrid solar
collecting channel (PVT) are conducted by manufacture electric and thermal energy. The method of researches allows to analyse the
following PVT-collector characteristics : a reheat temperature of an absorber and chilling liquid, as well as productivity depending on
external and regime working conditions of the device. The work purpose is to work out of a method of calculation of opeating characteristics
and definition of rational operating conditions of work of a hybrid solar collecting channel taking into account effective productivity. The
complex mathematical model of the local analysis of processes of heat exchange and electrogeneration of a hybrid solar collecting channel
for real conditions of a dynamic solar and climatic situation is used. The carried out analysis of heat exchange in alternative conditions
showed that efficiency of a heat transport in a collecting channel integral cooling system nr (a relationship of temperature of an absorber and
final temperature of heat-transfer agent) is not a constant and considerably changes under the external and internal factors. It is influenced by
intensity of insolation and the heat-transfer agent charge. With growth of these parametres nr decreases. Existing dependence of electric
power of a photo cell on the charge of a chilling liquid is characterised by presence of two expressed sections which are discriminated by rate
of a variation of a function. The first of them, with low flux level of a liquid, differs considerable agency of functional parametres. The
second one at high intensity differs asymptotic stabilisation of power. The limit values of the transition of the rate of decrease of the function
correspond to the fluid flow rate of 0.08...0.085 1/(m’s). These values can be accepted for rationalisation of a refrigerating duty of the
photobattery. Generalized dependences for determining the temperature of the liquid at the outlet of the device and the average temperature
of the absorber are obtained. These dependences can be used to evaluate the efficiency of conversion of solar energy into electrical and
thermal energy in regime optimization problems.

Keywords: hybrid solar -collector, PVT-collector, temperature regime, heat-transfer agent charge

Introduction

Now are more widely used two-functional photomodules in which the problem of raise of electric
and thermal energy productivity.The complex solution is gained at integration of the photovoltaic pan-
el with the chilling device [1 —5].
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As result of it gain the hybrid device for manufacture electric and thermal energy (PVT-
collecting channel). In a PVT-collecting channel photocells are chilled by means of active system of
tap of warmth by the heat-transfer fluid moving in channels of a back part of the module. Thus thermal
energy which in the monofunctional device goes on device heating, reducing its efficiency and lost in
a circumambient, in a case with the hybrid solar module can be salvaged.

The analysis of recent research and publications

The operating temperature of the photomodule owing to features of electrogeneration should be
low [4] that it is necessary to consider at sampling of regimes of maintenance of modules. A row of
researches [4 — 7] is devoted sampling of temperature operating modes of PVT-collecting channels of
devices. As a rule, researches are spent on analytical models.

Models differ in the depth of the object description. In this case, there is either a limited mathe-
matical description (mainly in the detail of the description of objects operating in conjugate and essen-
tially nonstationary conditions) or the narrowness of the formulated problems [4 — 7]. The multifacto-
rial nature of the choice of the operating mode of the modules and the lack of information about the
regularities of the processes do not make it possible to select effective temperature modes for the oper-
ation of PVT collectors, which would take into account the thermal and electrical performance while
simultaneously meeting the combined load.

Purpose of the study

Development of a method for calculating operational characteristics and determination of rational
operational modes of operation of a hybrid solar collector, taking into account effective performance.

Statement of the basic material

We accept a model structure of a device containing an absorber of solar radiation, which is
fenced on one side from the outer space by a transparent wall, on the other side by a flat channel with
a cooling coolant.

The photovoltaic battery is characterized by the main indicator — the electric power, which de-
pends on the solar radiation flux density, the ambient temperature and the solar energy absorber [8]:

P=Rek, {10, (6, = 50)],
HSC

where P, — battery standard horsepower under standard conditions (SC); H — density of a quantity
of radiant energy; H. — density of a stream of a solar radiation at SC; k,, — factor of decrease in ef-
ficiency of the battery, k,,= 0.95; ¢, —absorber temperature; ;. — absorber temperature at SC; o, —
temperature factor of electric power, K.

Standard conditions mean the following: density of a stream of a solar radiation Hg. =1 kW/m’,
absorber temperature at the standard STC ¢, =25 °C.

The efficiency of heat transfer in PVT is determined by the external and internal conditions of the
process. The external conditions are the intensity of the PVT irradiation and the heat exchange with
the surrounding space. Internal conditions are formed during heat exchange between the absorber and
the heat carrier, as well as between the heat carrier and the back wall. These processes are described
by a system of energy conservation equations [4]:

— in an absorber:

H(to)(1- nep) =U, (t,—t)+ Uwp s (t, — t);

— in heat-transfer agent:

a; U, (t,—t)-U, (t,—t.)
CcCog—— = . —1,)— - . ,
g dx ab—f\Fap Ty fw\Ep Ty
—in a back wall of the channel:

Uf—w(tf - tw) = Uwfa ([w - ta) >
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where (ta) — resulted to absorb ability a heliocollecting channel; n,, — effectiveness ratio of trans-

formation of solar energy in the electric; U — surface-area factor; g — heat-transfer agent mass flow
rate; indexes: @ — circumambient; ab — absorber; f— liquid; w — back wall.
Value n,, depends on temperature. This dependence in the field of positive temperatures can be

accepted in the form of [1]:
nep = nmaxSC [1 + aP (tab - tSC )] >

where n_, . — efficiency of the photobattery in a point of the maximum power at SC.

The system of the equations which switches on algebraic and differential equations, added with
boundary conditions, characteristic for maintenance heliodevices, dared a numerical method.

The system of equations, which includes algebraic and differential equations, supplemented by boundary condi-
tions typical for the operation of solar devices, was solved by a numerical method.

As the analysis of the distribution of the characteristic temperatures of the cooled module [4]
shows, the local indicators of the thermal state of the absorber, as well as of the coolant, can differ sig-
nificantly along the cooled surface. The main trend due to heat transfer is an increase in temperatures
along the flow of the liquid. Such an unevenness of the temperature field in the absorber, in accord-
ance with the above dependence, is reflected in the electric power of the element, and in the liquid
flow — in the formation of the final value of the liquid temperature, which determines the demand for
the generated heat.

Figure 1 shows the change in the electric power of the photocell along the flow of the coolant at
different flow rates. As you can see, the power decreases as the fluid warms up at a rate that depends
on the flow rate. As the flow rate increases, the power drop decreases. This circumstance makes it pos-
sible to select a cooling mode that satisfies the best electrical performance of the photocell.
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Fig. 1. Change of electric power of a photo cell along an absorber surface at different charges of a liquid.
The axis direction | matches to a vector of speed of a stream of a chilling liquid. The liquid charge, 1/(m®s):
1-0.025;2-0.075;3-0.15

The laws of variation of the local absorber temperature and power differ from linear. The dis-
crepancy between the values of the characteristic indicators, found by the method of arithmetic mean
and mean integral, can reach 5 %. Therefore, more reliable values should be determined on the basis
of averaging the integral of local values along the flow - both temperature and power. This circum-
stance requires finding local values with a reasonable step of numerical investigation. This step was
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chosen based on the final estimate of the discrepancy in the iterative procedure for solving the system,
not exceeding 0.5 %.

For the correct creation of a model of the processes under consideration, it is important to identi-
fy the relationship between characteristic temperatures. In [9], based on the dependence of the temper-
atures of the coolant and the absorber, the following relation was proposed to determine the tempera-
ture of the heated coolant:

tf,o =MNrly»
where 1, — efficiency of a heat transport, it according to [9] depends on temperature a little and it can

be accepted the equal 1, =0.9.

Results

The analysis of heat transfer under variant conditions showed that the efficiency of heat transfer,
otherwise the ratio of the temperatures of the coolant and absorber, is not a constant value and changes
significantly under the influence of external and internal factors. It is influenced by the intensity of
insolation and the flow rate of the coolant. With an increase in these parameters, n, decreases. The

noted discrepancy within the investigated limits reached 30 %.

The dependence of the average power of the photocell on the specific flow rate of the coolant,
shown in Fig. 2. It is characterized by a variable rate of growth of P, and this takes place at any values
of insolation. Important for optimization is the presence of a sharp change in the rate of growth of
power — a break in the curves. In this area, you can fix the rational value of the flow rate. Asymptotic
stabilization of the functional parameter P, regardless of the intensity of insolation, with sufficient de-
termination accuracy occurs at a liquid flow rate of 0.08...0.085 1/(m’s). It is noteworthy that a flow
rate close to this value is taken as optimal for solar heat production.
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Fig. 2. Dependence of average electric power of a photocell on the charge of a chilling liquid.
Power of an incoming radiation, W/m* [ — 800; 2 - 1000

The efficiency of a hybrid photocell is assessed by two indicators: the developed power of power
generation and the thermal potential of the coolant — the final temperature. Obviously, these two indi-
cators have opposite (but interrelated) vectors of efficiency improvement. An increase in electrical
performance with an increase in consumption is accompanied by a decrease in the heating temperature
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(Fig. 3). The latter circumstance worsens the quality of the device as a heat generator. Therefore, the
search for a compromise optimum should be carried out taking into account specific priorities. If the
priority is the high electrical power of the element, then the flow rate of the coolant can be taken equal
to the above — 0.08 1/(m’s). It is noteworthy that this consumption corresponds to a sharp change in the
nature of the temperature dependence shown in Fig. 3, where the rate of decrease in the temperature
curves changes to an asymptotic approximation to the minimum temperature value close to the initial
one. It is obvious that this behavior of the temperature dependence determines the nature of the change
in electrical power.
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Fig. 3. Dependence of temperature of a liquid on an exit from the module from its charge
and intensity of insolation, W/m* I — 600; 2 —800; 3 — 1000

When analyzing the processes in the collector, external conditions are decisive — the outside air
temperature and irradiation intensity, as well as the internal factor — the coolant flow rate. The flow
rate can be selected in various ways — both constant and variable. In the general case, it can be as-
sumed that its value is set arbitrarily and can correspond to the temperature control conditions.

For generalisation of the data of research it is convenient to express the charge of heat-transfer

agent in the form of relative magnitude k, = g/ g, in which current value of parametre is led base,

standard for heliocollecting channels ( g"=0.015 I/s). The analysis is made at the fixed size of an ab-

sorption surface, equal 4=2 m’, that will be co-ordinated with typical sizes of the panel: width —
1.0 m, length —2.0 m.

Generalisation of the gained data shows that the temperature of heat-transfer agent in the end of
heating can be defined in the form of the following dependence:

t,, =(0.039+0.205k, ) In(k, H) + (19.97 - 1.322k,) +1, -exp[/ég [1.18+%J - 5.53],
3.

where lgg =1/k,.
Under rational conditions of a current of a liquid the relationship takes a form:
t;,=19.72+0.0775-1n(0.188H) + ¢, - exp(0.00031H —5.308) .
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For definition of average temperature of an absorber the dependence generalising agency of di-
agnostic variables at fixed, chosen as rational, the charge of a liquid is gained:

T,=22.19+0.017H +0.072¢, .

This relationship can be used for definition of average electric power of a photocell. The resulted
functional dependences occur at initial value of temperature of a liquid, equal 20 °C.

Conclusions

Dependence of electric power of a photovoltaic cell on the charge of a chilling liquid is character-
ised by presence of two expressed sections which are discriminated by rate of a variation of a function.
First of them, with low flux level of a liquid, differs considerable dependence of functional para-
metres, second, at high intensity — asymptote power stabilisation. Boundary values of transition of
magnitude of rate of decrease in function match to the liquid charge 0.08...0.085 1/(m’s). These values
can be accepted for rationalisation of a refrigerating duty of the battery. Generalising expressions for
definition of temperature of a liquid on an exit from the device and average temperature of an absorb-
er, which can be used for an estimation of efficiency of transformation of solar energy in electric and
thermal energy in problems of regime optimisation are gained.
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