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LABORATORY STAND FOR STUDYING THE EFFECTIVENESS OF USING NANOFLUIDS
TO INTENSIFY HEAT TRANSFER IN HYBRID SOLAR COLLECTORS

Abstract: The article discusses the issues of studying heat transfer in hybrid solar collectors using a
developed laboratory stand. The issue of solar energy efficiency is very important in light of the modern concept
of carbon neutrality. One of the most promising solar energy technologies is the use of hybrid solar collectors,
where, along with electrical energy, thermal energy is also generated. The heat removed from the surface of
the solar panel allows to maintain a high level of its efficiency, and the heat removed is used by the consumer.
One of the most effective methods for intensifying heat transfer in hybrid solar collectors is the use of nanofluids
as a coolant. Nanofluids are a new type of coolant with increased thermal conductivity, consisting of a base
fluid and nanoparticles. The most commonly used and economically feasible are nanofluids with the addition
of metal oxides. The developed laboratory stand will allow simulating solar radiation and studying the current-
voltage characteristics of the solar panel at different lighting levels. The use of different types of nanofluids will
allow to determine the most efficient operating modes of a hybrid solar collector. Analysis of thermal and
electrical efficiency will provide a more complete picture of production when hybrid solar collectors operate in
various modes using different types of nanofluids.
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Introduction

Issues of energy independence, along with environmental safety, are the main priorities of
the energy policy of the Republic of Kazakhstan. A large specific share of hydrocarbon generation,
exceeding 70% of total output, is one of the main problems of the country’s energy industry [1]. The
payback period of renewable energy sources is still quite high and cannot compete with traditional
energy generation [2]. The presence of relatively cheap coal reserves makes investments in
unconventional energy less economically profitable. However, taking the path of green energy is
inevitable, so the state needs to support the development of certain most promising sources of
renewable energy.

As is known, in recent years, a variety of renewable energy technologies have been
developed [3]. However, the increase in generation based on solar energy is the most significant [4].
With the development of new technologies, the price of obtaining photovoltaic elements for solar
panels has decreased. One of the most significant problems is the decrease in the efficiency of a
solar panel with increasing temperature of the panel surface [5-7]. To prevent this problem, hybrid
solar collectors have been developed that allow solving two problems: cooling the panel surface,
providing a higher efficiency factor, and obtaining thermal energy for consumer needs.

The most promising method for increasing the efficiency of such panels is to intensify heat
transfer in them using nanofluids [8-11]. Previously, the authors obtained certain results on the study
of the thermal conductivity of nanofluids [12]. In the presented work, to study the effectiveness of
nanofluids for intensifying heat transfer, a laboratory bench was developed to determine the
operating efficiency of hybrid solar collectors in real conditions.

Materials and methods

The laboratory stand is designed to conduct thermophysical studies, namely to determine the
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efficiency of using various coolants in the thermal part of a hybrid solar collector. Figure 1 shows a

diagram of the developed laboratory stand.

02

1 - halogen spotlight, 2 — solar panel, 3 — circulation pump, 4 — water heater, 5 — liquid container

Figure 1 — Schematic diagram of the laboratory stand

Tables 1 and 2 respectively present the electrical and mechanical characteristics of the

photovoltaic module (PVM).

Table 1 — Electrical characteristics of the PVM module

Characteristic Value
Peak electrical power, W 100
Tolerance,% 0~ +3
Optimal operating voltage, V 20,2
Optimal operating current, A 4,96
Short circuit current (Isc), A 5,24
Open circuit voltage (Uoc), V 24,7

Operating temperature (NOCT), °C

From -40 to 85

Maximum system voltage, V 1000
Maximum series fuse rating, A 15
Quality category Grade A
PVM element efficiency, % 19,38
PVM efficiency, % 22,60
NOCT 4542°C
Temperature coefficients Pmax -0,44%/°C
Voc -0,34%/°C
Isc -0,060%/°C

Standard measurement conditions (SMC):

AM=1,5 | Radiation =1000 W/m | T=25+42°C
Table 2 — Mechanical characteristics of PVM

Characteristic Value
Overall dimensions of the stand (L x W x H), mm 970x 780 x 1840
Module type monocrystalline
Module dimensions (L x W x H), mm 770x670x30
Number of cells 36(4x9)
Weight, kg 5,5
Front glass Tempered coated glass 3.2 mm
Frame Anodized aluminum
Terminal box IP65

Positive and negative terminals - double insulated
Cable cable, cross-section 4 mm?2, length (L) 900 mm,
MC4 connector or compatible with it.
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Results and discussion

The developed laboratory stand will allow to determine the efficiency of using nanofluids in
hybrid solar collectors. This will make it possible to study promising nanofluids and compare
laboratory data on the thermophysical properties of nanofluids with their behavior under the
conditions of a real hybrid solar collector.

The use of a halogen spotlight is due to the fact that the emission spectrum of a halogen
lamp is closest to that of the sun compared to other types of lamps. Changing the power of the
spotlight allows to simulate different degrees of solar radiation. The solar panel is cooled by a coil
heat exchanger, where the nanofluid will circulate and provide heat exchange with the surface of the
solar panel. The function of the water heater is to simulate the temperature at which the panel
operates.

Simulating the operation of a hybrid solar collector with a circulating nanofluid will provide
a number of important experimental data for further research into the efficiency of electrical energy
generation at different solar panel surface temperatures.

Conclusion

The joint production of thermal and electrical energy in hybrid solar collectors is one of the
promising technologies for the development of renewable sources in the Republic of Kazakhstan.
The developed laboratory stand will allow a number of studies to be carried out in the field of
determining the effectiveness of the use of nanofluid coolants in the circuits of hybrid solar collectors.
Analysis of temperatures at characteristic points of the circuit, as well as determination of the current-
voltage characteristics of the panel under various operating modes of the collector will provide
valuable data for studying the issues of intensifying heat transfer in hybrid solar collectors.

References
1. Dzhumamukhambetov N.G. Development of renewable energy in Kazakhstan / N.G.
Dzhumamukhambetov, V.A. Yashkov // Publisher agency: Proceedings of the 4th International
Scientific Conference «Scientific Research and Experimental Development» (September 28-29,
2023). — London, England, 2023. — 202 p.
2. Schultz H.S. Design, greenhouse emissions, and environmental payback of a Photovoltaic Solar
Energy System / H.S. Schultz, M. Carvalho // Energies. —2022. — T. 15, Ne 16. — P. 6098.
3. Sharif A. A step towards sustainable development: role of green energy and environmental
innovation / A. Sharif, U. Mehmood, S. Tiwari // Environment, Development and Sustainability. —
2024. - V. 26, Ne 4. — P. 9603-9624.
4. Role of solar energy in reducing ecological footprints: An empirical analysis / A. Sharif et al /
Journal of Cleaner Production. — 2021. — V. 292. — P. 126028.
5. Investigation of the effect temperature on photovoltaic (PV) panel output performance / A.R.
Amelia et al // Int. J. Adv. Sci. Eng. Inf. Technol. — 2016. — V. 6, Ne 5. — P. 682-688.
6. Peng Z. Cooled solar PV panels for output energy efficiency optimisation / Z. Peng, M.R.
Herfatmanesh, Y. Liu // Energy conversion and management. — 2017. — V. 150. — P. 949-955,
7. Siecker J. Areview of solar photovoltaic systems cooling technologies / J. Siecker, K. Kusakana,
B.P. Numbi // Renewable and Sustainable Energy Reviews. — 2017. — V. 79. — P. 192-203.
8. Advances in PV and PVT cooling technologies: A review / A.K. Hamzat et al // Sustainable
Energy Technologies and Assessments. — 2021. — V. 47. — P. 101360.
9. Nasrin R. Water/MWCNT nanofluid based cooling system of PVT: Experimental and numerical
research / R. Nasrin, N.A. Rahim, H. Fayaz // Renewable energy. — 2018. — V. 121. — P. 286-300.
10. Experimental investigations on unglazed photovoltaic-thermal (PVT) system using water and
nanofluid cooling medium / G.S. Menon et al // Renewable Energy. — 2022. — V. 188. — P. 986-996.
11. Mahmood Alsalame H.A. Performance Evaluation of a Photovoltaic Thermal (PVT) system using
nanofluids / H.A. Mahmood Alsalame, J.H. Lee, G.H. Lee // Energies. — 2021. — V. 14, Ne 2. — P.
301.
12. Intensification of heat transfer in hybrid solar collectors by using nanofluids as a coolant / A.
Kassymov et al //Scientific journal «Reports of the Academy of Sciences of the Republic of
Kazakhstan». — 2023. — V. 348, Ne 4. — P. 69-79.

ISSN 2788-7995 (Print) IITokopiM yHHBEpCHTETiHIH Xa0apIubIChl. TeXHUKAIBIK FeUTbIMAap Ne 2(14) 2024 322
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024



Funding information
This research is funded by the Science Committee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (grant no. AP19678220).

A. ApgbinkaHoBa, XX. AkuwoB, A. Bektemucos, T. YMbipxaH*, A. KacbimoB
YHuepcutet nmenu Lakapuma r. Cemen,
071412, Pecnybnuka KasaxctaH, r. Cemen, yn. MmuHku, 20 A
*e-mail: timirlan-95@mail.ru

J'IAEOPATOPHvaﬂ CTEHA AnA NCCNEAOBAHUA 9®PEKTUBHOCTU UCTNOJIb3OBAHUA
HAHOXWAOKOCTEWU ANA MHTEHCU®UKALIMU TENNTOOBMEHA B rMBPUAHBIX CONMHEYHbLIX
KOJNNEKTOPAX

B cmambe paccmMompeHbl 80rnpockl uUcciedosaHusi mernnoobMeHa 8 2UBPUOHbLIX COSTHEYHbIX
Kosinekmopax ¢ nomowbro paspabomaHHo20 Js1abopamopHoeo cmeHOa. Bonpoc aghghekmusHocmu
COJTHEYHOU SHep2emuKu $8M51Iemcsi 8ecbMa BaXHbIM 8 C8eme COBPEMEHHOU KOHUenuuu yanepooHoU
HelimpansHocmu. OOHOU u3 Hauboriee nepcrekKmMuBHbIX MEXHOI02Ull COSTHEYHOU 3Hep2emuKU sierissemcsi
ucrionb308aHue eUbPUOHbLIX COJNIHEYHBLIX KOIIEKMopos, 20e Hapsidy C anekmpudeckol sHepeuel
ebipabambigaemcs U mennosasi sHepaus. Ternsioma, omeodumasi om [08EPXHOCMU COJSIHEYHOU naHesu
roseonsiem noddep)xugamp 8bICOKUL ypoBEHb ee aghdhekmusHoCcmuU, a omeedeHHOe merisio UCroIb3yemcs
nompebumernem. OOHuM u3 Haubonee OJdelicmeeHHbIX Memodo8 uUHMeHcugukayuu mennoobmeHa 8
2UBPUOGHBIX COJTHEYHbIX KOJIJIeKMopax sesidemcs UCrofb308aHUe HaHoXudkocmel 6 Kadecmee
mennoHocumens. HaHoxudKkocmu A8nsmMcs  HO8bIM — MUMOM — mersioHocumesieli € o8bIuWEHHOU
mennonpoeo0HOCMbIO, cocmoswue u3 baszoeol xudkocmu U HaHodacmuy. Haubomee dacmo
ucronb3yeMbiMU U 3KOHOMUYECKU Ues10c00bpasHbIMU S8nsitomcesi HaHOXUOKkocmu ¢ 0obasneHueM okcudos
memarnios. PaspabomaHHbili nabopamopHbili cmeHO No380UM UMUMUPOBaMb COJIHEYHOE U3fyYyeHue U
uccriedosams 8071bM-aMIEPHYHO XapakmepuUCmMuKy COSTHEYHOU naHesu npu pasiuyHbIX YPOBHSIX 0C8EUIEHUSI.
Ucrionb3osaHue pasnuyHbix e8udos HaHoxudkocmell rno3sonum onpedenums Haubosnee aghghekmusHbie
pexumbl pabombl 2U6PUOHO20 COMIHEYHO2O Kosfiekmopa. AHanu3 mennosol U 3rekmpuyeckol
aghchekmusHoCcmMU 103801UM  [oly4UMb  6oniee MONHYK KapmuHy 8bipabomku npu 3Kchayamayuu
2UBPUOHbLIX COMIHEYHbIX KOJSIIEKMOPO8 8 pPasfluUYyHbIX PEeXuUMax C UCMOMb308aHUEM pPasHbIX muros
HaHoxudkocmedl.

Knroyeenbie crioea: 2uUbpUOHBLIL  COMMHEYHbIU  KOM/IEKMOP, MmernyioobMeH, HaHOXUOKOCMb,
n1abopamopHbIli cmeHd, IHEP203IPYDHEKMUBHOCMb.
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F'MBPUATI KYH KOJIJIEKTOPJIAPBIHAA KbiNy AIIMACYibl KAPKbIHOATY YLUIH
HAHOC¥MUbLIKTbIKTAPAObI MAUOANAHY TUIMAOITH 3EPTTEYIE APHANFAH
SEPTXAHAIbIK CTEHA

Makanada e3sipneHzeH 3epmxaHanblK cmeHOmi natidanaHbin eubpudmi KyH KormnekmoprapbiHOa
Xbly anmacyObl 3epmmey Macenenepi kKapacmbipbiiraH. KyH 3sHepeausiceiHbIH muimOiniei macerneci
Kemipmeeai b6eldmapanmbifbiHbIH —3amMaHayu MmyXbipbiMOamacbl MypfbiCbiIHGH ©eme MaHbI30bl. EH
riepcriekmuegaribl KyH 3HepausiCbl mexHornoausinapblHbiH 6ipi 2ubpudmi KyH KornekmoprapbiH natidanaHy
6onbin mabbinadbl, MyHOa anekmp 3HepausicbiMeH Kamap Xblily aHepausicbl 0a eHdipinedi. KyH naHeniHiH
bemiHeH anbiHFaH Xblrly OHbIH muimMOiniaiH Xofapbl 0eHzelde ycmayra MymkiHOIK 6epedi, an arnbiHFaH
XKblryObl mymbiHyWb! natdanaHadbl. [ubpudmi KyH KonnekmopnapbiHOa Xbirly anmMacydbl KapKbiHOamyOobiH
eH muimOi edicmepiHiH 6ipi cankbiHOamkbiw pemiHde HaHocylbiKmblKmapOobl natidanaHy 60sbin mabbinadsl.
HaHocylibikmbikmap — Heai3ai cylblKmbIK reH HaHobesnuwekmepleH mypamhbiH XoFapbl Xblly emkisaiwumiai
b6ap cankbiIHOamKbIWMbIH xaHa mypi. EH xui KondaHbirambiH XXOHE 3KOHOMUKaIbIK XaFbiHaH muimoici
mMemarnn okcudmepi KocbkiriFaH HaHocyUbiKkmbiKkmap 60sbin mabbinadbl. ©3ipfieH2eH 3epmxaHalbiK CmeHO
KyH paduauyusicbiH uMumauusiniayra xeHe xapblKkmaHObipyObiH apmypiii 0eHeelriepiHOe KyH naHersiHiH moK
KepHeyiHiH cunammamarnapbiH 3epmmeyae MyMmkiHOiIK 6epedi. HaHocylbikmbikmapObiH apmypi myprnepid
natidanaHy 2ubpudmi KyH KO/I/IeKMOPbIHbIH €H muiMOi XyMbIC pexumOepiH aHbikmayra MyMKiHOIK 6epedi.
XKbinynbik  xeHe anekmprik  muimOinikmi  manday eubpudmi KyH KOJJleKmoprapbiH op  mypsii
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HaHocyUbIKmbiKkmapdb! natdasiaHa ombipbir, apmypsi pexumdepde natidanaHy KesiHOe eHAipicmiH morbik
KepiHiciH 6epedi.

TyliH ce30ep: 2ubpudmi KyH KOJIIeKMOpbI, Xblly anmacy, HaHOCYUbIKmbIK, 3epmxaHarsiblK CMeHO,
aHepausi muimoiniei.
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