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Abstract. The incident solar radiation is converted by the photocell not only into electrical energy, but also into
thermal energy, that heats its surface. Only 6 — 20% of the incident solar radiation is used by photocell to produce electricity.
The remaining energy, mainly, goes into heating the photocell. The solar energy conversion efficiency of photocells decreases
in case of temperature increasing. This work is devoted to reduce the photocell’s heating effect on its solar energy conversion
efficiency by installing it on additional cooling surface, which serves as a radiator. Data about the amount of solar radiation,
that falls per unit area of the photocell, the ambient temperature and wind speed is taken for Simferopol city. Based on the
simulation results the area of an additional cooling surface is calculated. The area of additional cooling surface A' during the
year changes insignificantly, and 2 — 2.2 times bigger than the area of the photocell A. The simulation data was obtained for
the ratio of additional cooling surface area to the area of the photocell A/A. This information, according to the authors, is

representative, universal and suitable for further analysis.
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1. Introduction

The incident solar radiation is converted by the
photocell not only into electrical energy, but also
into thermal energy, that heats its surface.

There are a number of works devoted to the study
of photocell’s surface temperature effect on the
efficiency of its work [1 — 4]. In them, in particular,
noted that only 6 — 20% of the incident solar
radiation is used by photocell to produce electricity.
The remaining energy, mainly, goes into heating the
photocell.

2. Analysis of publications

The solar energy conversion efficiency of photocells
based on silicon, which is currently one of the most
popular material used in the photocells, reaches its
maximum value at a temperatures — 150 + — 100 °C
and is about 17%. With temperature increasing, it
decreases and at 50 °C falls to 9% [1]. Energy
conversion efficiency falling speed at a temperature
close to 25 °C is 0.05% / °C. The maximum
efficiency of photovoltaic cells based on GaAs
corresponds to  higher temperatures (from
— 100 to — 50 ° C) and at a temperature near 25 °C,
the efficiency decreases with a rate 0.033% /° C [1].

The question of photocell’s surface temperature
effect on the efficiency of its work is very important
in the various methods and devices that enhance
(concentrate) the solar radiation that falls on the
photocell’s unit area [5 — 8]. Along with increasing
the efficiency of solar energy conversion by
photocell there is a significant increase of
photocell’s surface temperature, which in turn
adversely affects on its operation.

3. Purpose and mission statement

This work is devoted to reduce the photocell’s
heating effect on its solar energy conversion
efficiency by installing it on additional cooling
surface, which serves as a radiator.

4. Research methodology

Work of flat-plate solar collector is described by
energy balance equation, which characterizes the
conversion of incident solar radiation into useful
energy, thermal and optical losses [5]:

o=4s-u,(r,-1,) (1)

where 4 is an area of the collector absorber, m?;
S is a solar radiation absorbed by a collector per
unit area of absorber, W/m?;
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U, is a coefficient of heat transfer by convection,
radiation and conduction, W/(m*°K);

T, is the absorber plate temperature, °K;

T, is the ambient temperature, °K.

In this work, the expression (1) was used to
calculate the area of the additional cooling surface,
which is used to compensate the photoelectric
converter’s heating.

For photocell with a single layer of protective
coating (1) is transformed into:

Q=4S-AU,(T,-T,)-AU,(T,-T,), (2

where A4 here is an area of the photocell, m%;

U,, U', are the coefficients of heat transfer by
convection, radiation and conduction, W/(m*-°K);

A' is an area of the additional cooling surface,
which is used to compensate the photoelectric
converter’s heating, m?;

T, here is the temperature of the photocell, °K.

In (2) the A4S product characterizes the solar
radiation absorbed by the photocell. The rest of the
equation (2) gives information about the heat loss by
the surface of the photocell, i.e., about its cooling
due to heat transfer by convection, radiation and
conduction. Thus, AU, (Tp -T, ) describes the heat

transfer between the photocell and the environment
through the protective coating, A'U; (Tp -7, ) — the

heat transfer between the photocell and the
environment through the additional cooling surface.

In this work, the optical losses were not taken
into account and it was thought that all solar
radiation that falls on the surface of the photocell is
converted into heat energy.

With full compensation of the photocell’s surface
heating 0=0. In this case, the area of the additional
cooling surface can be determined from (2):

,_ S-U,-T)

T ulr-n)
Heat transfer coefficients can be found from the
following expressions [5]:

-1
1 1 }
= —+ s
hc,p—c' + hr,p—c' hw' + hr,c'—u

where A, is a coefficient of heat transfer between
the photocell and a protective coating by convection,
W/(m*°K);

h,p.c 1s a coefficient of heat transfer between the
photocell and a protective coating by radiation,
W/(m*°K);

h,, 1s a wind-induced coefficient of heat transfer
between the protective coating and the atmosphere
by convection, W/(m?*-°K);

h,.. 1s a coefficient of heat transfer between the
protective coating and the atmosphere by radiation,
W/(m*°K);

hep- 1s a coefficient of heat transfer between the
photocell and the additional cooling surface by
convection, W/(m*°K);

h.,. s a coefficient of heat transfer between the
photocell and the additional cooling surface by
radiation, W/(m*°K);

h, 1s a wind-induced coefficient of heat transfer
between the additional cooling surface and the
atmosphere by convection, W/(m™°K);

h.... 1s a coefficient of heat transfer between the
additional cooling surface and the atmosphere by
radiation, W/(m*°K).

The expressions for the heat transfer coefficients,
which are included in (3), are given in [5].

The formulas for calculating the temperature of
the protective coating 7, and additional cooling
surface T, are [5]:

o U,
c )2 >
hc,p—c + hr,p—c
g UT-T)
c P °
hc,p—c' + hr,p—c'

The change of the photocell’s surface
temperature 7, modeled using the Ross temperature
model presented in [9]:

T, =T, +kG,,

where £=0,02 - 0,04 °K m*/W.

Data about the amount of solar radiation Gr, that
falls per unit area of the photocell, the ambient
temperature 7, and wind speed Vj is taken from [10]
for the Simferopol city, located at 44° 57' N. In the
simulation, the value of the solar radiation G taken
as the sum of direct and scattered radiation that falls
per unit area of the photocell which is situated
horizontally relatively to the ground surface in the
clear day.

It was assumed that the emissivity of the upper
and lower surfaces of photocell is 0.95 and 0.09
respectively, of the protective coating from glass —
0.88, of the additional cooling surface from plastic —
0.91 [5].

Fig. 1 — 3 show the results of simulation.
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Fig. 1 shows the change of the ambient
temperature 7, and the photocell’s surface
temperature 7, over the year obtained by simulation.

Fig. 2 shows that the presence of an additional
cooling surface reduces the heating of photocell’s
surface especially in the summer months. At this
time of the year, the temperature difference between
environment and the photocell increases (Fig. 1).
That is why there is more intensive heat transfer
between the photocell and the environment, both
through the protective coating and additional cooling
surface. During this heat transfer, photocell is cooled
actively giving heat to the atmosphere. In
constructing of these dependencies was considered
that the areas of additional cooling surface and the
photocell are equal and are 1 m™.

Fig. 3 shows that the area of additional cooling
surface A’ during the year changes insignificantly,
and 2 — 2.2 times bigger than the area of the
photocell 4. The simulation data was obtained for
the relationship of additional cooling surface area to
the area of the photocell 474. This information,
according to the authors, is representative, universal
and suitable for further analysis.

5. Conclusions

1. On the basis of mathematical models, the change
in temperature of photocell’s surface during the year
was calculated. Coefficients of heat transfer between
photocell’s surface and the environment by
convection, radiation and conduction were obtained
for the Simferopol city.

2. The calculation of the area of additional
cooling surface is made. It was determined that for
full compensation of the photocell heating by
incident solar radiation the surface area must be 2 —
2.2 times bigger than the area of photocell.

3. The performed calculations will enhance in the
future the solar energy conversion efficiency by
photocells throughout the year, even at high

temperatures of environment and the photocell’s
surface.
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(oToenemeHTa Ha NPOAYKTHBHICTH ii0oro podorn
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Sk BiZIOMO, COHSTYHE BHUITPOMIHIOBaHHS, MOTPAIISIFOYM Ha (POTOCTICMEHT, IEPETBOPIOETHCS HE TUILKH B CJICKTPUYHY, ajie
i y TENJIOBY €Heprito, HarpiBarouu Horo noBepxHo. Tinbkn 6—20 % COHSYHOTO BUIPOMIHIOBAHHS BUKOPHCTOBYETHCS
JUIS OTpPUMaHHS eJIeKTpoeHeprii. [HIIa yacTiHa eHeprii B OCHOBHOMY BHUTPAva€eThCsl HA HarpiBaHHS (POTOEIEMEHTa, 110
3HAYHO 3HMKYE ePEeKTUBHICTH Horo podotu. KoedimieHT KOpUCHOT Aii MepeTBOPEHHS COHSIYHOI €HepTil 3MEHITY€E€ThCS Y
pasi 30inbIIeH s TemriepaTypH. L{fo ctaTTio MpUCBIYeHO 3MEHIIEHHIO BIUIMBY HarpiBy (hotoeneMeHnTa Ha e(DeKTUBHICTD
MIEPETBOPEHHSI HUM COHSYHOI €HEeprii MIJISIXOM BCTAaHOBJICHHS HOTO Ha JOJATKOBY OXOJIO/PKYIOUY IOBEPXHIO, sIKa Ipae
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poib paniaropa. JlaHi MO0 BETMYMHU COHSYHOTO BHUIIPOMIHIOBAaHHS, SK€ NaJa€ Ha OJMHHMINO IUIONI (oTOeneMeHTa,
TEeMIIepaTypyd HABKOJHUIIHBOTO CEPEIOBUINA Ta IIBUAKOCTI BiTpy B3sATI Wit M. Cimdeponons. Y poOoTi BUKOHaHUN
PO3paxyHOK IDIOMII JOJATKOBOI OXOJIOMKYIOUOi IOBEpXHi. BCTaHOBIIEHO, IO UIsI ITOBHOI KOMIIGHCAmii HArpiBY
(doroenemenTa mioa Ii€i MOBEpxHi MOBUHHA OyTH B 2 — 2,2 pa3u Oijiblia 3a mwionty QoroereMenrta. Y pe3ylbTari
MOJIEIOBaHHS Oy OTpHMaHi JaHi HE MO0 IUIONII JOAAaTKOBOi MOBEpXHI A', a mOA0 BiAHOMIEHHS i€l IIIOMI IO
wionti ¢oroenementa A'/A. 1li BimoMocTi, Ha IyMKy aBTOpIB, € OUIbIII HAOYHUMH, YHIBEPCAILHHUMH Ta 3pDYYHUMH LIS
MOJTAJIBIIIOTO aHAITI3Y.

Karwuosi ciioBa: eekTuBHICTh poTOCIEeMeHTa; HArpiB (POTOCIEMEHTa; ONITUMI3AIlisl PO3MIpiB oTOCTIEMEHTA

M.M. AcaHOBl, D.A. Belmponz, A.B. COJ‘IOMeHHeB3, M.IO. Baauccknii’. CHukeHne BIMSIHAS Harpesa

MOBEPXHOCTH (POTOIIEMEHTA HA MPOAYKTHBHOCTD €ro padoThl

2 HanponasHas akaeMus TIPUPOIOOXPAHHOTO M KYPOPTHOTO CTPOUTEIIECTBA, yiI. Knesckas, 181, Cimdbeporions, YkpauHa, 95493
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Kak u3BecTHO, CONHEYHOE U3ITyUeHHUE, monanas Ha (POTOIEMEHT, IPeo0pa3yeTcs He TOJIBKO B ANEKTPHUECKYIO, HO U B
TETJIOBYIO SHEPTHIO, HArpeBast €ro MoBEPXHOCTh. Tonbko 6—20 % manaromero Ha (POTOIEMEHT COTHEYHOTO N3ITy4eHHS
WCIONB3YeTCs [UIA TOJy4YeHHs »siekTpuuecTBa. OcTanpHas 5SHEprus, B OONbIIEH CTENeHW, HIET HA Harpes
(doTodIeMeHTa, YTO 3HAYUTEIBHO CHIDKAeT 3(G(GeKTHBHOCTh paboThl (oTtodmemenTa. Kodh(uIMeHT Mmone3Horo
JIercTBUs TIpeoOpa3oBaHMs CONHEYHOH SHEPrHHM YMEHbBIIAeTCA MpPH MOBBINIEHHMH TeMmmepaTypel. [lannas pabota
MOCBSIIIEHA YMEHBIICHHIO BIUSHUS HarpeBa (oroanemeHTa Ha 3()(EKTHBHOCTh NPEOOPA30BAHMS MM COJHEYHOU
SHEPIrHU MYTEM YCTAHOBKH €r0 Ha JIOMOJHHUTEIBHYIO OXJIAXK/IAIOIIYIO MOBEPXHOCTh, KOTOPask UrPaeT PoJib pajauaTopa.
JlaHHbIC O BEJIMYMHE COJHEYHOrO H3JIyYCHHs, MAJAONICr0 Ha CIUHHUILY IUIOmaau (OTO3JIEMEHTa, TeMIIepaType
OKpYJXKAalolIe Cpeibl W CKOPOCTH BeTpa B3aThl i ropoma Cumdepornons. IIpousseaeHn pacduer rmiomiau
JIOTIOJTHUTEIBHOM OXJIaKIaromeil moBepxHoctu. OmnpeneneHo, 4to sl MOJIHOW KOMIICHCAIIMH HarpeBa (oTolieMeHTa
MAJAFONIUM COJTHEYHBIM H3JIyYCHHEM IUIOIIAAb 3TOH MOBEPXHOCTH B 2 — 2,2 pa3a JOJDKHA OBITH OOJBINE ILTOMIAAN
camoro (otolnmementa. B pesynpTate MomenupoBaHUs OBUIM TOJNYYCHBI JAHHBIC HE O IUIOIIAAX JIOTIONHUTEIHHOMN
OXJIXKTAIOMIEH TOBEPXHOCTH A', a 00 OTHONIIEHWH 3TOW IUIOMAAM K IUTomanu camoro ¢orodnemeHta A'/A. Otu
CBEICHUS, 10 MHEHHUIO aBTOPOB, SBIAIOTCSA OOJiee pPElpe3cHTATHBHBIMH, YHHUBEPCATbHBIMH W yIOOHBIMH IS
MTOCTIEAYIOIIETO aHaJIH3a.
KioueBbie cjioBa: 3pPpeKTHBHOCTH (OTOEICMEHTa, HAarpeB (POTOIIEMEHTA, ONTHMHU3AIHS pa3MepoB (poTodIeMEeHTa
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