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THERMAL MODELING OF PV PANELS

The model account for the heat transfer phenomena, discretizing the panel in several nodes. Then the energy balance

method is applied to each node.

O = g - Gpy - Apy Ty = (2)0,25 Heat conduction in the layer
g Vai . OT(x,y,2t) _ . 0°T(x,y,2,t) N 9°T(x,y,z,t) N 9°T(x,y,z,t) L0
0 R~ Apycenn * (1 —Mpy) at 0x? dy 0z*
PV =
Vpv cell Backward difference
( surf +Tsink)(Tsurf +Tsink) a — T(J’:JZ}I—T(IJ—&H _ szrxl T‘rﬂ !
hrad ,surf —sink = 1— Ssurf 1 ET (:B-, t) —~— ﬂi — ﬁi

gsurf F surf —sink

Beony for = 3.83 - 24 - 15, for laminar flow The Finite Difference (FD) method

Tx+1Lt)—2T(x, )+ T(x = 1L,t) Tpy1 = 2T + Ty
Ax? - Ax?

hcom Jfor = =5.74- UD 8 ].Lh 0.2 for turbulent flow 62
—— Tt =

Neony for = 5.74 - %% -1, 2 — 16.46 - 1, ! for mixed flow
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Applying the energy balance and rearranging the terms it is possible to obtain
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THERMAL MODELING OF PV PANELS
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A system of linear equations is obtained by applying the balance equation method to each node
P+l B
App A A A (Ti B ( Bl )
| Az1 Agp Azn-1 Azp | T} 2 _
: : f b=t [A{T} = {B}
An_11 An-1p An-1n-1 An-in| | TPH] B
A A, A A b o1
n,1 n,2 n,n—1 nn kTrEH- ) \ B, /

On the back surface of each module, four temperature sensors are arranged in
a diagonal direction from the centre of the panel to the edge to verify
temperature uniformity. The sensors are self-adhesive silicone rubber support
with a thin film Pt100 Resistance Temperature Detector.
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Winter 1.49 0.0664 0.9818 4.19 0.0664 0.9950
Spring 135 0.0163 0.9903 4.33 -0.0422 0.9903
Summer 1.34 0.0015 0.9899 3.50 -0.0259 0.9973
Autumn 1.65 0.0037 0.9851 4.76 -0.0528 0.9945
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COOLING OF PHOTOVOLTAIC PANELS

I-V and P-V-Characteristic of a Solar Cell
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COOLING OF PHOTOVOLTAIC PANELS

Module PV1 has no cooling system and is left as reference;
Module PV3 is equipped with two wide cone water spray nozzles
Module PV4 is equipped with the same two wide cone water spray
nozzles but with the addition of a thin metallic panel fixed

Module PV5 is equipped with a ventilation system that produce
forced convection

Module PV6 is similar to PV5 but with the addition of 4 spray

nozzles.
: 0o oo oo o : ? o o oo o oo ég_
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COOLING OF PHOTOVOLTAIC PANELS

Module PV3 Module PV4 Module PV5
[ oo =====uun\

v
P——
N L v /’

Pais the DC electric power produced by
the module [W];

Anwis the net module area [m:];

G is the global radiation on the tilted
plane [W/m:].
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SPRAY COOLING MODELLING

Top node

Water mass and energy balance
Moot = Mpozzie * Atspray = Npozzle * Pwat * Uout * Aour * Atspray

PD
Meool ef f = Meool * (1 - W)

(0,089 +0,0782 x u? V)« (P2 = pP 7Y
p = Ar-1

p — 1 _r-1 _ _ p-1
mcool,eff - mcool,eff mevap mdrop Meyq

: _ T : _ . p+1 p+1 .
Ecooling - Esens + Elat = CPwater X mcool,eff X (Tm - Twater ) + Alat X mevap
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Department of Mechanical, Energy and Management Engineering Piero Bevilacqua, Ph.D



'UNIVERSITA DELLA CALABRIA

SPRAY COOLING MODELLING

UNIVERSITA DELLA CALABRIA

DIPARTIMENTO DI INGEGNERIA
MECCANICA, ENERGETICA
E GESTIONALE

“ T SaaATED TewERATIRE 20 =
15 July . MEAN MEASURED TEMPERATURE o] 15 July . MEASURED POWER
*: 210
a ’l‘:;
. 1
o
) 160
» 10
v o
x s
L 2o
H § o
£ £
=
Fx =
u n
w
2 s
©
» o
w »
W
* i | | o
-0

®
R R R R R RN q"“e‘“ R \,w\@ o a0 0P P P RORR R RN RO R ORTR R O@\y R R R R R RN
3 = = SIMUTATED TEMPERATURE 0 = SIMULATED POWER
- g 1 18 July - MEAN MEASURED TEMPERATURE 0418 July - MEASURED POWER
i 0
“ 240
< 0
wl] o
00
» 190
20
x o
Tu 10
£ s
€5 210
F £
Er £ ol
i 10
w0
» »
®]
,. n
@
2 s
® P
" n
0
0 ol
10

PP P PGP P PP PP P P P R R R R

PP PP RRE A S P "0 e e e o

T 0% 976 o " T 0T " L Pt

LRI AT
e

Spray activation 9:02:05

7’
&
°

%

s

~

<>

%

L)

EN

%

EN

TEMPERATURE [°C]

TEMPERATURE (°C]

120 July MEAN MEASURED TEMPERATLRE | 20uly g MEASURED POWER
@ 23
Y
o 20
= 2
» 10
e
» w0
o e
g0
» =m0
» £ ue
>, wo
£
t ™
n
= L
» :
n u
w
1 Fr)
M o

* 8 e
1‘@ 00&9 g.ré@ MR @§\ud\ @ @ e> 0 & o3 RO )@1‘9 wjf wen\e & RN 9@ a‘m‘sm“mwm\’@oﬁé r »@ R _Pd“‘_' V@“m o

— SIMULTATED TENPERATURE

— smuaren powen.

1 270uly

®

¥

b

w

[]

"

1=AP di'\F e“'\P &E a"\P @'\P e‘*'\P &APQ\AP

1700
1600
1500
1400
1300
1200
1100
1000

900

& 800

= 700

= 600

500
400
300
200
100

0

G\F@\F -

— SIMULTATED TEMPERATURE
MEAN MEASURED TEMPERATURE 20
0

0 — SIMULATED POWER.

27uly T A MEASURED POWER

0

FOWER W]

&d‘d‘d‘d‘\,ﬂ‘.@ﬂ‘ﬂ‘ﬂ‘

.amﬂs“‘\e )

yd‘d‘@@e@@m@m.@&ﬁy@?ww&\@@m.@d‘

e T A e T S T T e
e

Spray activation 15:07:50

-100
-200

»

Q

I

-o-E_CONV

—-E_RAD —-E_STOR —--E_SENS -=-E_LAT

Department of Mechanical, Energy and Management Engineering

Piero Bevilacqua, Ph.D



— . == | UNIVERSITA DELLA CALABRIA
=5 ‘UN]VERSITA DELLA CALABRIA DIPARTIMENTO DI INGEGNERIA

MECCANICA, ENERGETICA
E GESTIONALE

BIFACIAL PV MODELLING
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| | I |
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y 4

I I I I |
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|
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A bifacial photovoltaic module (bPV) is another type of photovoltaic module in which, instead of
an opaque and non-transparent backsheet as in the monofacial photovoltaic module (mPV), a rear
glass is installed to allow sunlight coming from the rear side of the module to reach the solar cell
and generate electricity.The increase in production in the bifacial module up to 30% compared to
the monofacial module is the result of utilizing the rear side of the module, converting the
radiation reflected from the ground due to albedo."
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BIFACIAL PV MODELLING

The measurement of this IV curve, in natural or simulated sunlight, but applied to photovoltaic
bifacial modules, adheres to the technical specification IEC TS 60904-1-2:2019.

Consequently, each bifacial module should inherently exhibit three fundamental values: bifaciality
coefficient of Isc (¢y,.), Voc (@y,.) and Pm (@p,.y), r€SpPectively.

Nevertheless, manufacturers mostly indicate solely the corresponding coefficient concerning the
ratio between maximum powers of both sides (@pn.) ((IEC) International Electrotechnical
Commission, 2021c).

The majority of the manufacturers only use the STC maximum power of the front side, as
prescribed by the IEC 61724-1:2021.

The current models utilize the static bifaciality measured under standard test conditions (STC: 1000
W/m2, module temperature 25 °C, air mass 1.5 spectra) to convert the irradiance intensity on the
front and rear sides into equivalent irradiance intensity, and further calculates the output power of
bPV module. The equivalent irradiance intensity (Gg) is calculated as follows:

Gg = Gp + QstcGR

Where GF and GR are the irradiance intensity on the front and the rear sides of the module. @stc is
the static bifaciality under STC.
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Front pyranometer Rear pyranometer
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THANK YOU FOR
YOUR ATTENTION!

piero.bevilacqua@unical.it
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