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Abstract

In this work, the performance of a solar system, in more detail, Received: 13 August 2022
the thermal photovoltaic system is investigated. Numerical study has been Accepted: 6 March 2023
done through coding in MATLAB software and by simultaneously solving Page Number: 20-37

equations related to the electrical and thermal parts, which provides
the possibility of performing various investigations on the system. It is
noteworthy that the PV part of this code, which is entirely accurate, can
also use independently for photovoltaic systems. Numerical study has
three features: parametric study, and collector performance in one day
and in one year. As the wind speed increases from zero to 14 m/s,
the electrical efficiency increases by about 4%, the thermal efficiency
decreases by about 22%, and the overall efficiency of the system
decreases by 18%; Therefore, there is a possibility of drastic changes in
the performance of the system with changes in wind speed. By increasing
the amount of radiation from 350 to 1050 W/m?, the electrical, thermal
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and overall efficiency shows a 1% decrease, 16% increase and 14% Keywords:

increase, respectively. Assuming an increase in the ambient temperature Solar Energy,

from 5 to 60 oC, the electrical efficiency decreases by 2.5%, the thermal Thermal  Photovoltaic
efficiency increases by 0.5% and the overall efficiency decreases by 2%. System,

Also, the results show that the thermal output power of the photovoltaic Energy and  Exergy
thermal system varies between 280 and 460 Watts and the electrical el

output power varies between 120 and 190 Watts throughout the year.
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Figure 1. Schematic of equivalent circuit of solar cell.
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Table 1. Values of thermal parameters of thermal
photovoltaic system.

parameter Value parameter value
A(m?) 1.65 T (°C) 27
J .
¢ (kg—K) 4190 Teun (°C) 5505
, w
F 0968 U, (m> 905
Fam 0.96 W(m) 0.125
w
he, (F) 5.7 v(Z) 12
hy (ﬂz) 100 o 0.85
”\m
w
1 (F) 800 % 0.8
iy (E) 0.05 8. 0.82
S
PF 0.965 T 0.95
T, (°C) 27 T 0.95

iloli (S0 <) (LA yudio jaale Y Jgua
(Bl Sailid g 938

Table 2. Values of electrical parameters of thermal
photovoltaic system.

parameter value

Py (W) 250
Voc(V) 37.68
Isc(A) 8.81
Vinp (V) 30.03
Iy (A) 8.33

Hy,oc(mV/K) -90.7
Hr.sc(MA/K) 2.85
No. of cells 60
dimensions(mm) 1666x992x40
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Figure 2. Changes in energy efficiency with changes in wind speed.
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Figure 7. Changes in cell temperature, absorber plate temperature and fluid outlet temperature with radiation intensity.
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Figure 8. Changes in energy efficiency with ambient temperature changes.
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Figure 9. Changes in exergy efficiency with ambient temperature changes.
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Figure 10. Changes in solar radiation intensity during the day.

(V&+Y) 39w 9 340 o Loy — P39 s Jlw — Ol (gouls (w0 Sdiee &3 puiss




45 T T T T T

40 b ’,-".“_--"."""-'.-----.__.___-' N
v SN
— Electrical Energy Efficiency| ™«
O Thermal Energy Efficiency .‘\' _
= = = = 'Total Energy Efficiency
oy
] e e
b + T, v,
S o
>
o
2 -
w 20 B 4
15 1
10 1 1 1 1 1
10:00 12:00 14:00 16:00 18:00
Time, t

390 b 3 (3l Sl 938 Bilalun (55,50 )l s 1) Sk
Figure 11. Energy efficiency changes of the photovoltaic thermal system during the day.

15 T T T T

—— Electrical Exergy Efficiency
------------- Thermal Exergy Efficiency
- = = Total Exergy Efficiency

—
(=]
T

Exergy Efficiency, » (%)
o

0 ! !
10:00 12:00 14:00 16:00 18:00
Time, t

395 b 93 B Ll g 438 Eilabun (53,351 pA43L S5l Y Sk
Figure 12. Changes in exergy efficiency of the photovoltaic thermal system during the day.
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Figure 13. Temperature changes in the solar cell, absorbent plate and outlet fluid during the day.
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Figure 16. Changes in solar radiation intensity during a year.
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Table 3. The maximum temperature of the 15" day of every month in 3 consecutive years in Celsius.

.
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
$
5
5
5
$
:
]
]
]
]
]
]
]
}
]
]
}
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
20 5
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
$
5
5
5
$
:
:
]
]
]
]
]
]
}
)

Yo-YV o — ol )Kop g g0bIG8 1o g0y 30

2018 13.2 12.8 21.4 13.4 24.4 33.4 39.4 36.3 33 25.2 11 15.2

2019 14.4 13.4 16 252 30 34 40.7 34 29.6 244 14.5 11.4

2020 8.4 7.8 20.2 18 26.2 37 35.6 35 31.2 24 12.3 8

03,31 VA) 5 (VV) IS 5o asdllas 5,90 (55,1, Sl Bilabes Sz sl (o5 s deisu ple B Gise (ol o
w‘ o R Ja.;..?us 6‘9.@ Lng) 9 U‘"Jb RV % Vo 5\3 45‘)> ‘w‘ S W' W

Slr 65,51 9 65 003l 3138 o Sl bl o Jiuwe j3bas g0

45 T T T T T T T T T T

B0 P e e 4

Electrical Energy Efficiency
""""""" Thermal Energy Efficiency
= = =Total Energy Efficiency

w
(32}
T

w
o
T

L (PVIT) Gl Sildggsd Globw (55,551 9 (55l Jukos

N
wm

Energy Efficiency, 7 (%)

—~

ol oL,

10 | | | | | I I . . .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

s S J b 4o 0y Sailil g 938 Dileles (55,00 a3k O i VY JSid

Figure 17. Changes in the energy efficiency of the photovoltaic thermal system during a year.
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Figure 18. Changes in the exergy efficiency of the photovoltaic thermal system during a year.
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Figure 19. Temperature changes of the environment, cell, absorber plate and outlet fluid of the photovoltaic
thermal system during one year.
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Figure 20. Changes in the input and output power of the photovoltaic thermal system during a year.

Iranian Chemical Engineering Journal — Vol. 22 - No. 131 (2024)



1500 T T T T

-
(=
(=]
(=]
T

Total Exergy Input
---------- Thermal Exergy output
= = =Electrical Exergy output

Exergy flow, (W)

500

o G a7
= - -

It " \ )

0 \ 1 J
Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Wl S5 gb a1 Sl g 938 Ailolis (2955 9 (53909 BIUIS! Ol s TN s

Figure 21. Changes of input and output exergy of photovoltaic thermal system during a year.
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