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In this study, the performance of a photovoltaic thermal system (PVT) is investigated in a numerical and
experimental study. In the numerical part, the Taguchi method is applied to determine the optimum
place and time of the PVT system. Moreover, the optimum parameters that are independent of the
design of the PVT system are obtained to improve the performance of the system in a specific place and
time. Using the specified optimum parameters, the performance of the system is investigated from the
energy and exergy viewpoints, experimentally. In the experimental study, using the designed setup, the
performance of a water based PVT system is compared with that of a conventional photovoltaic unit
(PV). The experiments are performed on a selected day in August at the Ferdowsi University of
Mashhad, Mashhad, Iran (Latitude: 36° and Longitude: 59°). The numerical results indicate that the
most effective parameter on the performance of the PVT system is the coolant inlet temperature and its
optimal value is 20 °C. Moreover, the total energy efficiency of the PVT system in the optimum
working condition is 69.02 %. The experimental results reveal that the average output electrical energy
of the PVT system is 6.27 % more than that of the PV unit. In addition, the average thermal energy and
exergy efficiencies of the PVT system are 34.12 % and 0.72 %, respectively.
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Table 1 Properties of photovoltaic unit.
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Fig. 1 A side view of the experimental set up.
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Table 2 Dimensions of different components of the photovoltaic
thermal system.
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Table 3 Thermodynamic properties of different components of the
photovoltaic thermal system [22].
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a. Photovoltaic cells

b. The collector flow

Fig. 3 Mesh distribution for a. photovoltaic cells and b. the collector
flow.
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Fig. 4 Investigation of grid independency.
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Table 4 Parameters and their levels.

o Lol bogye
4 3 2 1
1000 800 600 400 ) dyss G A
7 5 3 1 G sbce B
35 30 25 20 () bazmo (slos c
35 30 25 20 0 Jb 5955 sleo D
60 50 40 30 ) Jlw oz o0 E

Ll 2,k 5 Jguar
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Fig. 5 Numerical and experimental results of the collector outlet
temperature.

FSIS 5l (g5 Pl slos (alRiulel 5 (s30e @l 5 JSb

70 ¢
65 E ® Experimental
m Numerical
60 F
E [ ]
© s | N N I I
T 50 . e . [ |
E | ]
= oas Fom
40 EN
35 E
30 :|I|I|I|I|I|I|I|I|I|I|I|I|
o 9 o 9 O 9 © 9 © © O 9 o
[s2] o o o (52} o (52} o o o o (=) [s2]
d 8 8 4 4 AN AN &M M S N
o — — — — L | — — —
Time

Fig. 6 Numerical and experimental results of the photovoltaic cells
surface temperature.
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Fig. 7 Signal to noise ratio values for different levels of each parameter.
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Fig. 10 Variation of solar radiation and ambient temperature during the
test period.
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Fig. 11 Output electrical energy of the PV unit and PVT system during
the test period.
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Fig. 13 Electrical exergy efficiency of the PV unit and PVT system
during the test period.
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Table 10 Average of output thermal exergy, thermal exergy efficiency
and total exergy efficiency of the PVT system during the test period.
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Fig. 12 Electrical energy efficiency of the PV unit and PVT system
during the test period.
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Table 9 Average of output thermal energy, thermal energy efficiency
and total energy efficiency of the PVT system during the test period.

&S @55 essk Sl 65,51 003k T Sl 65
©%) %) (G
11.57 0.72 6.33

5 sl o33l Sl 3 023k 9 Sl i
%) %) ()
4753 3412 236.96

8 olads 17 0,93 1396 LT s s ailSe uisco

84



2956 gy I o3l by i)lra Salllggid i S wding AT 9 SIS W) )

OLSed 9 03 pmua Joxo
s e
o) 533l 1
(0) 55,5105k €
kgm?) J&= P
kgmish) Jlw Selus cal) p
Sedys G gee clB T
Ayt i Ol clls @
Sesls v
B g
L>s a
sds ¢
Sl ys> Jobes cell
55 eff
Sy el
Jou f
PRV INVIS S 4
it by 8l
onless I
EETERL
oW1 loss
¢, mass
Al  Max
bl 0OC
T out
Sealdssid e PV
ol Saldsgd g PVE
o laibiwl byl T
oligS” Jlas!  SC
olews]  sky
Audyg>  Sun
Sl th
L w
&0 -10
[1] J. Yazdanpanahi, F. Sarhaddi, M. M. Adeli, Experimental investigation of

exergy efficiency of a solar photovoltaic thermal (PVT) water collector based
on exergy losses, Solar Energy, Vol. 118, No. 8, pp. 197-208, 2015.

[2] A. N. Al-Shamani, M. H. Yazdi, M. Alghoul, A. M. Abed, M. H. Ruslan, S.
Mat, K. Sopian, Nanofluids for improved efficiency in cooling solar
collectors—a review, Renewable and Sustainable Energy Reviews, Vol. 38,
No. 10, pp. 348-367, 2014.

[3] P. Dupeyrat, C. Menezo, S. Fortuin, Study of the thermal and electrical
performances of PVT solar hot water system, Energy and Buildings, Vol. 68,
No. 3, pp. 751-755, 2014.

[4] T. T. Chow, A review on photovoltaic/thermal hybrid solar technology,
Applied Energy, Vol. 87, No. 2, pp. 365-379, 2010.

[5] M. Chandrasekar, S. Suresh, T. Senthilkumar, Passive cooling of standalone
flat PV module with cotton wick structures, Energy Conversion and
Management, Vol. 71, No. 7, pp. 43-50, 2013.

[6] M. Browne, B. Norton, S. McCormack, Phase change materials for
photovoltaic thermal management, Renewable and Sustainable Energy
Reviews, Vol. 47, No. 7, pp. 762-782, 2015.

[7] S. A. Kalogirou, Y. Tripanagnostopoulos, Hybrid PV/T solar systems for
domestic hot water and electricity production, Energy Conversion and
Management, Vol. 47, No. 18, pp. 3368-3382, 2006.

[8] R. Daghigh, A. Ibrahim, G. L. Jin, M. H. Ruslan, K. Sopian, Predicting the
performance of amorphous and crystalline silicon based photovoltaic solar

85

33l Gl y5tate & i il | Jits sl jially o onlio
Dype 4 s 3)5hes (S JodoS 0 00l (nd A (07 (29
5° sl 3515 anlllae 050 (65,55 5 5551 oS0 90 3l 5 (AL
e 90 3,8koe (AL ol iy oo b (aBRLsT ()
W3S 5 yp 0590 0l 65 Sl b (5l Salidggts g Sl
o boogie cwgnd sBaib o lajilel wel S a4 a3Y Ll
Oloye 3 e 59, Sy 50 9 425959 (ol Jobo g 42,0 36 (Ll
P el et 485 Ojgo o) ol p Sl ol il ole
1398 o0 oyl sl

Sellsgd g pladle I e sl el o Frtes i polie -
Slg 800 Suldggid slo Jolu lawgi oud i atnlld Ojgo 4 J)l>
42,0 35 Le glos sl p oy 1 laowe ;o ol e cjeyie g
g 01,8 sl 4,0 20 ,gSIS 4y (689,9 0aiiS S Jlow slos w0l 5 ilu
il o el 0SS 30 01 Sl a0

Aoy 69.02 aigy > o Sl Soldged w5 5,50 003l -
i slos o5l Slilygid sl 3,Shas ol 5 550 -
Sgu> (il Saldegd piee 5l (295 S 6551 (Sl -
5 Salsgd waly sl Gralesl b o (Sl (65,551 003l (nSibs -
s Sl Gialo3l sk 5o (il 65,551 5 651 sleessly nSils -
aile 003 0.72 438,12 55 & 5> Sullggis

e S yed -9
m?) colue A
KGR o535 oo S cdsls Cp
W) 5l es E
W) 5,515 Ex
Sl o po FF
Wm?) ol g3 85 G
dkgh) Ji h
Aok 1
WMIK?Y Sl colas cope K
kgsh) oz o2 TR
oolesl o I ST olas M
Uleyl slaws BBla>  NE
o olass NL
el oy NV
KW) (29,5 Sl ol P
Jkg' K gl S
Kylbs T
® ol t
Mysuls  V
> Y

ST~

8 olads 17 093 1396 LT .y s ilSe awizco



U 9 03y Joxe

2956 gy I o3l by i)lra Salllggid i S wding AT 9 SIS W) )

of a high efficiency PV-T collector integrated into a domestic hot water
system, Solar Energy, Vol. 111, No. 1, pp. 68-81, 2015.

[23] M. Sardarabadi, M. Passandideh-Fard, Experimental and numerical study of
metal-oxides/water nanofluids as coolant in photovoltaic thermal systems
(PVT), Solar Energy Materials and Solar Cells, Vol. 157, No. 14, pp. 533-
542, 2016.

[24] W. C. Swinbank, Long-wave radiation from clear skies, Quarterly Journal of
the Royal Meteorological Society, VVol. 89, No. 381, pp. 339-348, 1963.

[25] C. Hue, R. White, Solar Cells From Basic To Advanced Systems, pp. 101-
102, New York: McGraw-Hill, 1983.

[26] D. Evans, Simplified method for predicting photovoltaic array output, Solar
Energy, Vol. 27, No. 6, pp. 555-560, 1981.

[27] S. Park, A. Pandey, V. Tyagi, S. Tyagi, Energy and exergy analysis of
typical renewable energy systems, Renewable and Sustainable Energy
Reviews, Vol. 30, No. 2, pp. 105-123, 2014.

[28] C. F. J. Kuo, T. L. Su, P. R. Jhang, C. Y. Huang, C. H. Chiu, Using the
Taguchi method and grey relational analysis to optimize the flat-plate
collector process with multiple quality characteristics in solar energy
collector manufacturing, Energy, Vol. 36, No. 5, pp. 3554-3562, 2011.

[29] T. Sivasakthivel, K. Murugesan, H. R. Thomas, Optimization of operating
parameters of ground source heat pump system for space heating and cooling
by Taguchi method and utility concept, Applied Energy, Vol. 116, No. 4, pp.
76-85, 2014.

[30] V. Verma, K. Murugesan, Optimization of solar assisted ground source heat
pump system for space heating application by Taguchi method and utility
concept, Energy and Buildings, Vol. 82, No. 15, pp. 296-309, 2014.

[31] I. Kotcioglu, A. Cansiz, M. N. Khalaji, Experimental investigation for
optimization of design parameters in a rectangular duct with plate-fins heat
exchanger by Taguchi method, Applied Thermal Engineering, Vol. 50, No. 1,
pp. 604-613, 2013.

[32] Y. Khanjari, F. Pourfayaz, A. Kasaeian, Numerical investigation on using of
nanofluid in a water-cooled photovoltaic thermal system, Energy Conversion
and Management, Vol. 122, No. 16, pp. 263-278, 2016.

[33] M. Sardarabadi, M. Passandideh-Fard, S. Z. Heris, Experimental
investigation of the effects of silica/water nanofluid on PV/T (photovoltaic
thermal units), Energy, Vol. 66, No. 3, pp. 264-272, 2014.

[34] Z. Qiu, X. Zhao, P. Li, X. Zhang, S. Ali, J. Tan, Theoretical investigation of
the energy performance of a novel MPCM (Microencapsulated Phase
Change Material) slurry based PV/T module, Energy, Vol. 87, No. 9, pp.
686-698, 2015.

[35] B. Joy, J. Philip, R. Zachariah, Investigations on serpentine tube type solar
photovoltaic/thermal collector with different heat transfer fluids: Experiment
and numerical analysis, Solar Energy, Vol. 140, No. 18, pp. 12-20, 2016.

[36] P. Gang, F. Huide, Z. Tao, J. Jie, A numerical and experimental study on a
heat pipe PV/T system, Solar Energy, Vol. 85, No. 5, pp. 911-921, 2011.

8 olads 17 0,93 1396 LT s s ailSe uisco

thermal collectors, Energy Conversion and Management, Vol. 52, No. 3, pp.
1741-1747, 2011.

[9]1 A. lbrahim, M. Y. Othman, M. H. Ruslan, M. Alghoul, M. Yahya, A.
Zaharim, K. Sopian, Performance of photovoltaic thermal collector (PVT)
with different absorbers design, WSEAS Transactions on Environment and
Development, Vol. 5, No. 3, pp. 321-330, 2009.

[10] R. Daghigh, M. H. Ruslan, K. Sopian, Advances in liquid based
photovoltaic/thermal (PV/T) collectors, Renewable and Sustainable Energy
Reviews, Vol. 15, No. 8, pp. 4156-4170, 2011.

[11] F. Sarhaddi, S. Farahat, H. Ajam, A. Behzadmehr, Exergetic optimization of
a solar photovoltaic array, Journal of Thermodynamics, Vol. 2009, No. 1, pp.
1-11, 2009.

[12] A. Shahsavar, M. Ameri, M. Mahmoudabadi, Simulation and test of pv/t air
systems with natural air flow operation, Amirkabir Journal of Mechanical
Engineering, Vol. 43, No. 1, pp. 31-40, 2011. (in Persian ..,

[13] A. S. Joshi, A. Tiwari, Energy and exergy efficiencies of a hybrid
photovoltaic-thermal (PV/T) air collector, Renewable Energy, Vol. 32, No.
13, pp. 2223-2241, 2007.

[14] A. Tiwari, S. Dubey, G. Sandhu, M. Sodha, S. Anwar, Exergy analysis of
integrated photovoltaic thermal solar water heater under constant flow rate
and constant collection temperature modes, Applied Energy, Vol. 86, No. 12,
pp. 2592-2597, 2009.

[15] F. Yazdanifard, E. Ebrahimnia-Bajestan, M. Ameri, Investigating the
performance of a water-based photovoltaic/thermal (PV/T) collector in
laminar and turbulent flow regime, Renewable Energy, Vol. 99, No. 15, pp.
295-306, 2016.

[16] R. Mishra, G. Tiwari, Energy and exergy analysis of hybrid photovoltaic
thermal water collector for constant collection temperature mode, Solar
Energy, Vol. 90, No. 4, pp. 58-67, 2013.

[17] T. Fujisawa, T. Tani, Annual exergy evaluation on photovoltaic-thermal
hybrid collector, Solar Energy Materials and Solar Cells, Vol. 47, No. 1, pp.
135-148, 1997.

[18] Y. Tripanagnostopoulos, T. Nousia, M. Souliotis, P. Yianoulis, Hybrid
photovoltaic/thermal solar systems, Solar Energy, Vol. 72, No. 3, pp. 217-
234, 2002.

[19] S. Dubey, A. A. Tay, Testing of two different types of photovoltaic-thermal
(PVT) modules with heat flow pattern under tropical climatic conditions,
Energy for Sustainable Development, Vol. 17, No. 1, pp. 1-12, 2013.

[20] M. Hazami, A. Riahi, F. Mehdaoui, O. Nouicer, A. Farhat, Energetic and
exergetic performances analysis of a PV/T (photovoltaic thermal) solar
system tested and simulated under to Tunisian (North Africa) climatic
conditions, Energy, Vol. 107, No. 14, pp. 78-94, 2016.

[21] T. T. Chow, G. Pei, K. Fong, Z. Lin, A. Chan, J. Ji, Energy and exergy
analysis of photovoltaic—thermal collector with and without glass cover,
Applied Energy, Vol. 86, No. 3, pp. 310-316, 2009.

[22] H. Pierrick, M. Christophe, G. Leon, D. Patrick, Dynamic numerical model

86



