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ABSTRACT

Creating a simulation model is used to predict the impact of changes in existing systems and to predict the
performance of new systems in different situations. With the simulation technique can be checked the
interaction between each system and its sub-system, and access to simulation data is much less costly than
providing real-time data. In the present study, a three-dimensional model of heat transfer in a photovoltaic-
thermal system was presented to simulate the performance of this system in a greenhouse environment. The
initial design of the model was created in the SolidWork software and analyzed in Fluent software with
considering the environmental conditions of the greenhouse. In order to verify the validity of the model, a
photovoltaic-thermal system in the greenhouse was investigated for 2 days in May and its data compared with
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the output of the model. The results showed that there is a good agreement between the experimental data and
the output of the model. The highest thermal efficiency of the system for the simulation model was 34.15%
and for the real condition it was 34.1%, which was related to the first hours of the experiment. Also, the
maximum outlet temperature of the system in the closed-loop flow conditions was obtained for the simulation
model at 56.16 °C and for the real mode 56.0°C.

Keywords: Simulation, Fluent, Thermal efficiency, Photovoltaic-Thermal
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Figure 15he intensity of the solar radiation inside and outside the greenhouse during two different days
ligo 39 99 Jab 5o AllS buzmo )5 g 10 53 adje5 b Culs ) S

Joo dwais -Y-Y

290,8 oolawl el wino s (Sl S SeSdis (gaudi o> Jobo 1 aST Sl - Suldgend i SO L illae golprinn Jow dwais

e 49 55 o s £ 5 PV sk st g mis 53, e iy ol i o] i sloceons bl b Jote 21
sile 50 slocand il 5 2d ) & SONA WOTK 381 o5 Lo 15 e (sl alg) 5 cogminos)] il aomior Va5 wlil Luizg oL
o)y sl (V) U5 oy azd 3 )15 50 (55loJe )0 peiiane jof Ojg0 0 (pune (slo Alg) 5 )0 A iy gy 5 (5)US sageinegl] axio
Vs 4 bgr o ilo b 5o gl 153l o S 45 GAMDIL J33le 5 )0 g, gy a3 se Lt |, o aloy] b cilieo (glaceansd
Slml e 4 bgype Sy (7)) U0 .28)5 50 J0aliSe 5 Jlas 115 g9 5l (oS 55 Sy0 0 goiagie 2855 )18 (gaiie 3550 Cunl

v



2 . . )
Sl (gweigo (o 0 55 Lo 31 N @
O 231 & g 3ilS0 9 ka9t A\ &

&'J".'U’,";-."d"”/‘ﬂd:“f""‘ff' Buali & ..3 niversity

S oo ez JS5 59 p (2SR L Ty end

. B4
y VUL
7 B4
Figure3. Grid distribution of photovoltaic system in Figure2. Schema modglDesigned in software
o Gambi'F software. 330 35 ol solsB Juko olgm o ¥ S
CamoS 51380 0 33 50 S i g9 foriommmunr (gt Sl - Y Sl \\\

PV-E calizo b Coond plgs g olasl -Y-Y

3 aldS e J3o LS (g5, gl wle S 4y azgi b gl cual Astélf\hﬁyu 3 anl ool ol e Sl
5955 Oyge LS (595 2 55y Jsb o il wle Glie Jlas b b coliSeb 8RS Jsbo slinly 5o o8 (850 b Slilggi sla iy
Ak 5 @l S9Seken 5eby0> Jobo €53 5 Saldsgid s (F JS2) agplis 055 3l 008 SRS L )0, (5705 (5128 Gizeon
Bl (glooe o a5 1) 5l ae PYT g calizes glacand 5 ol @ g0 5 (oly> Vo) Jgaz 35 oS 5 (cme sladlgd L a5 0
(Hosseinzadeh et al, 2018; Pierrick et aI,2015;Michag{e\t al,2016; Yazdani-fard et al ;2016) .saoe ;ylis |) conl oo
PVT (ot cilizio 1321 555 5l g0 5 (oles =) Jgur
Table 1. Thermophysical P\roberties of Different Components of a PVT

Densi ifi i .
Component (?{ gs %_3) Spec'f'(c.?{eaff zeiu):lty Thermal conductivity
Jrg (Wm—lk—l)
EVA £ 960 2090 0.35
Photovoltaic cells & 2330 700 148
Tedlar 1200 1250 0.2
Copper 8960 385 401
Glass cover 2450 500 2
N
N Silwams Cu p3Y b ol b g ol =Y Jgur
N . . . . .
%+ Table 2: Dimensions and other required parameters for simulation
Component Variable Value Unit
Glass'cover Dimensions 1600*150*4 mm
& Glass cover Transmitivity 0.9 -
Tedlar Dimensions 1600*150*3 mm
Photovoltaic cells Dimensions 1600*150*3 mm
Photovoltaic cells Absorption coefficient 0.9 -
Photovoltaic cells Cell efficiency 15 %
EVA Dimensions 1600*150*0.5 mm
Copper absorber plate Dimensions 1600*150*0.5 mm
Collector tube Inner diameter of collector pipes 10 mm
Collector tube Outer diameter of collector pipes 12 mm

Collector tube length of the pipe 4500 mm
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Figure 4. Changes in the temperature of the greenhouse environment and the rate of radiation inteh\sity at
different hours of the day y
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Figure 5. Changesuin'fluid inlet temperature to the system at different hours of the day
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Figure 6. Comparison of the results obtained from the numerical solution and experimental results collected
from the fluid outlet temperature at different hours of the day
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Figure 7. (a) The temperature contour in the outlet sidé o(the fluid. (b) The temperature contour in the absorbent plate
and the copper tubes
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Figure 8. Comparison of the results of numerical Figure 9. The effect of changes in the fluid inlet temperature
solution and experimental results for thermal efficiency of  at different times of day on the thermal efficiency of the system
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