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THERMAL CHARACTERISTICS OF THE CONCENTRATOR
PHOTOVOLTAIC HYBRID SYSTEM

Concentration of sun rays offers an attractive approach to increasing the efficiency
of transformation of solar energy into electricity. Different types of sun concentrator
systems are used at present. In this paper a Fresnel lens-based photovoltaic concentrator
with the thermo-siphon type water cooling system is investigated. The temperatures at
different points of the cooling system are measured. It is shown, that the proposed type of
hybrid system can be successfully used.

Keywords: concentrating, solar, photovoltaic, thermal, heat, water.

Introduction

The use of solar energy converters in various sectors of the economy is a
very important and priority issue. The conversion and use of solar energy is done
mainly in two ways. The first of these is the conversion of solar energy into heat,
and the second is the conversion of solar energy into electricity through
semiconductor photovoltaic (PV) cells. Solar energy conversion systems are
environmentally friendly and do not require high operating costs and are the most
likely energy sources of the future.

The other promising approach to solar energy conversion and use is the
application of concentrating PV (CPV) systems. The CPV systems are used to
increase the efficiency of transformation of solar energy into electricity up to 40%
and more. These systems consist of optical concentrators made of lenses or
reflective mirrors and high efficiency multi-junction solar cells transforming the
light energy into electricity. The CPV system consists of a tracker also to follow
the sun during the day [1]. The solar cells of CPV system are cooled by heat sinks
with air convection or by heat conductive fluid. The application of water cooling
systems allows getting the additional energy in the form of heated water. In these
systems the overall efficiency of the system is increasing obtaining the values up to
90% (about 40% - electric and about 50% - thermal components).

In this paper, the thermal performance of a CPV system with the thermo
siphon water cooling is investigated.

The structure of the CPV system

The simplified structure of the CPV system with the Fresnel lens type
concentrator is presented in Fig. 1. The solar light is concentrated by the Fresnel
lens and absorbed by the high efficiency multi-junction solar cell. The system is
tracking the sun to keep the solar rays perpendicular to the surface of the lens.
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Fig. 1. The simplified structure of the CPV system

The heat from the solar cell is dissipated by the heat sink and air convection.
The solar cell can be cooled also by the flow of a coolant through the tubes of the
heat sink. Thus, in this system the two types of energies are generated: - electric
and thermal mostly in the form of heated water. The heated water can be used for
different needs. In this case the CPV system is operating as the PV and Thermal
(PVT) hybrid system, and can be considered as the CPVT hybrid system.

The overall energy generated by the CPV hybrid system is determined as in
PVT system as [1, 2]:

W=E+0Q,

where E is the component of electric energy, and Q is the component of thermal
energy. By dividing the left and right sides of this equation into the input energy of
solar rays Asun, the efficiency of the CPV hybrid system will be obtained [3]:

E+0Q

- T = + ,
Asun Net T Nth

Ncpy =

where 1,;and 7,y are the electric and thermal efficiencies respectively.

The electric component of efficiency of CPVT system is high (about 40%) in
comparison with the efficiency of general flat plate PV modules which varies at
present from 15 to 21%. Taking into consideration the thermal conversion also by
CPVT hybrid system with the efficiency of about 50% or more, we can conclude
that the CPVT hybrid system is a unique solar energy device with the highest total
efficiency of solar energy conversion.

Experimental setup

For investigation of thermal characteristics of the CPVT hybrid system, an
experimental laboratory model is prepared (Fig. 2). It consists of the multi-junction
solar cell installed on the water-cooled heat sink (left side of the Figure). The

231



heated water from the heat sink is flowing into the water accumulation tank with
the volume of 3,2 | placed above the heat sink.

Fig. 2. The experimental setup of the CPV hybrid system

The parameters of the multi-junction solar cell, measured under STC
conditions (1000 W/m? and 25 °C) are presented in the Table below.

Table

The electric parameters of the multi-junction solar cell
Parameter Value Unit
Efficiency 29 %
Maximum voltage 2,28 v
Maximum current 3,9 mA
Fill factor 86 %
Power 8,9 mW

In the middle of the experimental setup, the Fresnel lens is placed which is
focusing the solar rays on to the solar cell. From the right side, the reflecting mirror
can be seen. The mirror is tracking the sun in two directions automatically.

To measure the temperature of the heated water by CPVT hybrid system,
four resistive temperature sensors are used. The sensors are placed as shown in Fig. 3.
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Fig. 3. The cooler, tank, manifold and thermal sensors on the tubes

The sensor TR1 is placed on the input tube and the TR2 on the output tube
of the cooler (heat sink). In the upper side, the tank for accumulation of heated
water with the sensors TR3 and TR4 is placed. The heated water by thermo siphon
convection is flowing into the water tank.

Experimental results

The temperatures of the CPV hybrid system with water cooling circulation
are monitored. As an example, 16 measurements conducted during a sunny day
starting from 10:40 AM to 13:10 PM with the intervals of 10 min are presented in
Fig. 4. In the horizontal axis are also shown the clean sunny hours from 10:40 to
12:40, and the appearance of clouds after 12:40 up to 13:10.
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Fig. 4. Temperature characteristics of the CPV hybrid system

It can be seen from the Figure that the highest temperatures (T4) are
obtained in the top of the inlet tube of the heated water accumulation tank. The
lowest temperatures are observed in the outlet tube of the tank.
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The difference of temperatures on the inlet and outlet tubes of the cooler is
not very big in comparison with the heated water tank. It can be described by the
comparatively small dimensions of the cooling element (tank) and by the fact that
the cooler is illuminated by the concentrated solar light.

It can also be seen that the water temperature in the heated water tank is
increasing rapidly from 26 °C to 36 °C, during two hours (from 10:40 to 12:40).
Starting from the 12:40 the temperature in the tank is reducing slightly due to the
appearance of clouds.

Conclusions

- Experimental results prove the usefulness of concentrator photovoltaic and
thermal (CPVT) hybrid system for generation both electric and thermal energies
with high efficiency.

- The developed type of concentrator photovoltaic and thermal hybrid
system can be used successfully on the flat roofs of buildings for electricity
generation and water heating.

This work was supported by the Science Committee of the Ministry of Education,

Science, Culture and Sports of the Republic of Armenia, in the frame of the research
project 21DP-2B005.
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P.P. BAPJIAHSH, A.P. XAPAKEIININIIAH, M.I'. TPABAJIZKAH

TEILJIOBBIE XAPAKTEPUCTHKH KOHIIEHTPATOPHOI
®OTOBOJbTANYECKON T'MBPUIHON CUCTEMBI

KoHneHTpaiyst CoTHEUHBIX JTydei MO3BOJISIET MPeoOpa3oBaTh COIHEYHYIO 3HEPTHIO
B JICKTPHUECKYIO C MOBBIIIEHHOH 3((eKTHBHOCTBIO. B HacTosIIEee BpeMst HCIIOIb3YIOTCS
pas3yIMuHbIe THITBI cucTeM KoHIeHTpaTopos ConHua. B nanHoit pabote nccnenyercs GpoTo-
UEKTPUUECKUN KOHIIEHTPATOp Ha OCHOBE JIHH3bI DpeHens ¢ CUCTEMOU BOASHOIO OXJIAXKAEe-
HUS TepMOCH(OHHOTO THMA. V3MepsroTCs TeMIeparyphbl B pa3HbIX TOYKAaX CHCTEMBI OXJIaXK-
nenusi. [lokazaHo, 4TO TPEIUIOKEHHBIA TUI TMOPHIHON CHCTEMBI MOXET OBITh YCIELIHO
HCII0JIb30BAaH.

Kntouesvle cnoea: KOHUEGHTPUPYIOIINHA, COTHEUHBIH, (POTORIEKTPUUECKUH, TEIIO-
BOM, HarpeBs, BoJA.

YIAK 621.317.733

b.M. MAMUMKOHSIH, I''A. ABETUCAH

HUCCIEJOBAHME YYBCTBUTEJIBbHOCTHU IPEOBPA3OBAHMUSI
IMAPAMETPOB HU3KOBOJIbTHBIX KOHJIEHCATOPOB B ®A30BbII
CUI'HAJ
(I''ompu)

Paccmotpena usmeputensHast tens (ML), npeqrasHadeHHas i mpeoOpa3oBaHus B
(1)8.30B]>II>1 CUTHAJI TTapaMETPOB HU3KOBOJIBTHBIX KOHACHCATOPOB C MAJIbIMHU JUDJICKTPUICCKUMU
norepsiMu. M37105KeHbl METOAUKH pacuera napameTpoB snemeHToB WL u ucciaepoBanus
YyBCTBUTEIHHOCTH MTPeoOpa3oBaHusl.

Knioueenvie cnosa: KOHICHCATOP, EMKOCTb, TAHT€HC-/IENBTa, ()a30BBI CUTHAN, YyBCTBH-
TEIBHOCTH IPe00Pa30BaAHISL.

BBenenue. Hu3koBoNbTHBIE KOHJEHCATOPHI, IPEeIHA3HAYCHHBIC ISl TIPUMeE-
HEHUS B PaJMORIIEKTPOHHON anmapaType, COCTaBISIOT OKOJI0 25% OT BceX dneMeH-
TOB cxeM [ 1], mo3ToMy HccllefoBaHMs, TOCBSIIEHHBIE METOJaM U CPEACTBaM H3Me-
PEHHSI UX XapaKTEPUCTHK, MPOJOIKAIOT OCTABATHCS aKTYaIbHBIMHU.

O0beKT nccienoBannsa. OCHOBHBIMU ITapaMeTpaMH KOHJIEHCATOPOB SIBIISIOTCS
HOMUHa/IbHass eMKOCTh C, WU TaHI€HC yIJa AUIIEKTPUYECKHX MoTepb 1gd . [l
HIMPOKO HCIOJNB3YEMbIX KOHIIEHCATOPOB #gd HaxomuTcs B mpexpenax ot 0,0005
(mst proporutactoBeix) 10 0,035 (s kepamuueckux) [2]. 3HaueHHUEe g0 3aBUCHT

TaKkKe OT YacTOThl EPEMEHHOT0 TOKa, Ha KOTOPOW OH HM3MEpSeTCs: B OCHOBHOM
€ro M3MEPSIOT IIPH 4YacToTe CHHycounansHoro toka 1000 /y. Usmepenne C, u
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