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Abstract— this study is related to the thermal behaviour of
photovoltaic-thermal solar with a solar concentrate. We present
the influence of inlet parameters on the electricabnd thermal
performance of the collector the parameters affectig the PV/T
performance such as the glazing, mass flow rate, dn
temperature of collector element and absorber impeshce and
also the ratio of compound parabolic concentrator CPC) design
types were discussed in details. The solar radiatiantensity have
been carried out for slope of collector at 3@ which is a typical
day temperature in Constantine (east Algeria) at th surface cell
The main results can be summarized as follows. The
temperature increases throughout the system with #h
concentration in comparison with the situation wittout
concentration. Moreover, the concentration increase the
thermal  efficiency and reduces energy efficiency.
When the mass of the fluid increases its temperatarand that of

the absorber decreases while that of the cell incases
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l. INTRODUCTION

The weather conditions of Algeria, with a good lewé
insulation, should encourage more development méwable
energies, especially those coming from the direage of sun,
like photovoltaic and solar thermal collectors wi@PC
concentrator as application of photovoltaic-therni@v/T)
systems. The main idea is to increase the elecpioauction
of PV by decreasing the normal operating cell terapee by
cooling the panel with water (or air), but alsohi@ve higher
global efficiency with an enhanced use of solargye

So PV/T aims to utilize the same area both for peithy
electricity and heat.

The photovoltaic-thermal technology has been studi
since the 1970 when the energy crises increase
development of alternative ways of producing endmgyhat
of fossil fuels. The different types of photovottai
cogeneration (ventilated, day lighting, PV/T) areellw
described [1]. To reduce the costs of any photai@kystem
was developed in 1978 a PV / T system with air atewas a
coolant in order to increase the photovoltaic éfficy by
reducing the temperature cell [14]. The use of lsahe heat
transfer fluid enables the indirect reduction af Hystem costs.

This has stimulated a lot of research in simulatidnsuch
hybrid systems.

However, the wide application of solar energy hgbRV/T
system is still limited because of its expensivweesiment. In
recent years, in order to reduce the cost of coethiRV/T
system, considerable research were reported iditdrature
on new solar concentrating photovoltaic/thermal stams
(Garg etal.[6], O’Leary et al. [7], Whitfield et.E8], Othman
etal.[9], Chen et al.[10]).

In this work, we develop a program that simulatée t
operation of a hybrid system parabolic concentratlny
introducing the effect of the mass of the fluid peEratures on
its various components.

. DYNAMIC DESCRIPTIONOFTHEPV/T CPC

CONCENTRATORMODE

Hybrid photovoltaic/thermal (PV/T) system witholar
concentrator is an effective way to improve solaergy
conversion efficiency. In this work, a single-pad®g/T air
system with a three-trough compound parabolic comator
(CPC) (fig.1) is used. The heat transfer modelalbfmain
components in this system are developed with therggn
balance. The effects of some mdsigning anaperational
parameters on the electric-thermal performancéefsystem
are analysed.

. SYSTEM MODEL

The system schematic model and heat transfenown in
Figure 1. The system consists of a low iron glassecr
reflectors, solar cells, absorber panel, back pafied and
insulating material. Passing through the glass cotee
sunlight is concentrated onto solar cells by th€CPhe solar
8el|s are connect and in series along the leng#tiion of the
ﬁ)égtem. The upper channel formed by the glass caverthe
absorber panel over which the solar cells are daste
enclosed to keep cell surfaces clean. The coolinficavs in
the lower channel formed by the back plate and fthe

attached to the back of absorber panel. The contpoun

parabolic concentrators concentrate solar radiatioto the
solar cells. The fins on the back of the absorlagrepenhance
the heat transfer to the air and improve the efficy of the
system.
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Fig.1 solar collector with CPC concentr:

e Energy balance of Glass cover

agGC(1 + tgpppE") = hrgSA (Tg — Tp) + heguw(Tg — Tw)
+hcpg(Tg_TP)+hrgsA—Cct(Tg—Tp)..-.................

(1)

Wheren = (;—T)Ed is the average number of reflection
PV

radiation inside the acceptance angle [13], where A and
A,y are the areas of reflector and solar cell, respelgti Ed is
the fraction of radiation emitted by truncated C&@ goes t
the solar cell Photovoltaic/thermal plate:

» Energy balance of Photovolt#&itermal plate
Gpid[1 + (Peeeet (1-P)+
apTgGpR C

2n
0y TgGPpRd [1 + (%)] (1-np) =

Act Acp
thg A_CC (Tp - Tg) + hrpb A_CC (Tp - Tb) +
Act Acp
thfA_CCnp(Tp - Tf) + hrpb A_CC (Tp - Tb) ...... (2)
Where d is a correction of gap loss [6].
@pis the total efficiencyf the absorber plat5]
ActAfinNy
Pp =~ ©)
Wheren,is the fin efficiency?
__ tanh (mHp) . 2hy 1/2
T]f = —/1fo = (_)Lffsf) (4)

The solar cell efficiency depends on the cell terapge as
given by reference. [13], [5]

Npv = Nrefl1 = 0.0054(Tp — 298.15)].......ce ...

Wheren,.ris a reference efficiency of solar cell at sc
irradiance 1000 W/m2 and temperature Tre°C. In this
work ns is taken as 10% [8].

» Energy balance of Cooling air

mv(\jlfi;r—f = hcpf%np(’rp - Tf) + hcpf(Tp - Tf) ....... (6)

» Energy balance ofAbsorbe

b 52 (Ty = To) + hepe(Ty = T0) = Up(Ty —Ty)-...

V. HEAT TRANSFER COEFFICIENT

In the above equations, Radiative and convectiat tiansfel
coefficients are calculated using the relationregl in refs
[10], [S].[11].

» Radiative heat transfibetween the glass cover to
sky

— £g8[(Tg*-T5")]
—Tg_Ta

.(8)

thS

Where the equivalent sky temperature is evaluas [2],[11].

Ty = 0.0552T55, e vos e e e e ee e (9)

» Radiative heat transfer between the glass cow
absorber platg],[9].

hipg = 8(Ty + T)(TE + T/ (1/) + (1/25) — 1).(10)

» Convective heat transfer betwethe glass cover to
an ambien{3],[10].

hegw = 2.8 + 3V,

* Convective heat transfer betwethe solar cells and
glass covefd4].

(1 1708 1
hcpg = (@) {1 + 1.44 [1 — m X [1 —
) 1708 RaC /3
sin(18p)4 /7] + I ‘518‘3’;’3) - 1]+} ............. (12)

« The forced convective heat transfer coefficieni
cooling air([3],[11].
hepr = hepr (3) [0.0158Re%®+. (0.00181Re +

(_0.03795)()
2.92)exp D v e e e (13)

Where D is the hydraulic diameter of the channiBks;is the
Reynolds number; x is the distance from the ena.

V. NUMERICAL PROCEDURIE

When substitute the equations. (1), (2) and (6) intoatign
(7), we can eliminate variabldg, T, and T, from equation (3),
and give the following firstrder linear differential equati.
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de(x)
dx

FPTr(X) = q e vt (14)

Where p and g are the constants obtained througgbiaic
manipulations.
The boundary condition i§;(x) = T;, atx =0
Tr(x) = Ty, atx =1
Solving eq. (14) yields the air temperature in rediion

Tr(x) = % + (Ti - %) eTPX e e n(15)
And the outlet air temperature
4 - _9) -l
To=1+ (7: p) Pl e (16)

The combined photovoltaic-thermal efficiency of thgstem
is the sum of photovoltaic and thermal efficienc@sthe
system [2] as

_ Qu+tEpy _

npvt - cG pv + 77 (20)

The energy efficiency of the combined photovoltalermal
system is [3]

298

7781167’93’ = 777317 + I 1- 298+(T o qir—Ta)

TABLE |

Thermo-physical parameters of the PV/T gyste

The numerical calculations are based, an itergirozedure
winch is adopted to incorporate the effect of thmperature
dependence of various heat transfer coefficientse .t
temperature, is first calculated by using Gaussidebe
methods. The equations are solved by assuming éa¢ h
transfer coefficients constant and then new satstiare used
to generate all the heat transfer coefficients ragdl the
values converge. The region of concentrating P\&tesn is
divided into 50 units (n =55) with each of 0.20 tu, start
calculation, T, T, (Tp=Tp,) and Tb are guessed for all the
units respectively. The inlet temperature of thélawv at x=0

is equal to the ambient temperature €Ir,). With these
temperatures, the heat transfer coefficients arettrital
efficiency of solar cell are evaluated for theffingit, and then
new temperatures can be obtained by solving theggne
equations. The iteration process is continued whth latest
updated variables until all the temperature valoasverge.
Thus the outlet temperature of the airflow for tinst unit can
be determined. Applying it as the inlet one tortlea&t unit, the
outlet temperature for the second unit can be aityil
calculated. With Repeat this step, all temperatufes
different components can it be determined.

VI. PERFORMANCE PARAMETERS

Some main performance parameters of the hyB¥iI are
defined and calculated as follows. The useful tlaremergy
gained by airflow through the PV/T system is

Qu=2X}=10Qu; =21 1mCp(Ty; —T;;) v (A7)

The thermal efficiency of the concentrating PV/Tsteyn is
[1].[8].

=N )
The power energy generated by the concentratingT PV/
system is

Epy =

7 PpvPgPR"
i By = S TGP a1+ (2220 (19)

Parameter value Parameter value
a, 0.95a, 0.9%5
T4 0.90 | pg 0.94
Da 0.0% ¢, 0.86
Pg 0.06 ¢, 0.9b
Ay 0.9p4 20316
cr 1008 &g 0.94
d 095 | g, 0.95
H,, 0.191 a, 0.04
n 0.61Ta 298
P 052 | C 2.00
VIl.  RESULTS AND DISCUSSIONS

Some main thermo-physical used in the calculatiom ia
table 1. The system dimensions are 0.636m*11m (\W*L)
The fin dimensions are 0.0015m*0.025m*113IE*L).
Number of the fins is 200.
The operating conditions for the calculated PV/$temn are:
the wind velocity is 3 m/s, and the range of sakdiation
intensity is 200-1200 W/m
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Fig.1 Variation of temperature of collector Fig.3 Variation of efficiency of solar PV/T
[M=0.05kg/s, G=1000 w/m2] [M=0.01kk/s, G=1000 w/m2]
T T T T T T T T T T T T 40 T T T T T T
440 4 B
354 ——n,,- mp=0.05 kg/s i
420 B SO SUIEN0S00TTIUe0IEOTOsON b ——n_ -G=1000w/m’
30 e B
400+ ——T, ,G=1000 wim . Nex )
—n e
< —— T _,m =0.01kg/s 254 P o~ B
i] 380 L Tp P - S Ny G=1000 L
=4 b e X T
% 360 T IUSTesas 4 & 20 . .}/‘ E
b St [}
& e g ~
340 T - 15 E
2 el 5 L
320 -7”’W g 10 o - i
3009, T L S oo s NPUPPPRES e 4
A MARARRARRSS®s «“;-;111«4441«‘-1';::;”«-”-”
280 4 e
T T T T T T T T T T T T 0 T T T T T T
0 1 2 3 4 5 6 7 8 9 0 1 12 0 2 4 6 8 10 12
Length(m) Lenght(m)
Fig.2 Variation of temperature of collector Fig.4 Variation of efficiency of solar PV/T
[M=0.01kg/s, G=1000 w/m2] [M=0.05kk/s, G=1000 w/m2]

Figure land 2 illustrate the temperature variatiofisthe Figure 3 and 4 presents the variations of the mbadt
components along the length of the system withwitdout thermal, exergy and system efficiencies of the esystvith
CPC concentrator in m. the case o£G000 W/m2, M=0.01 CPC in the length direction. It can be seen thattttermal,
kg/s, the temperatures increase along the lengtheo$ystem, exergy and system efficiencies increase along tregth
and the solar cell temperature is higher. direction, but the electrical efficiency decreases.
The combined efficiency of the system with CPClimast

35% which is close to the value obta [1] the enexfiigiency

of 12.6% of the system with CPC is higher due te th

increasing of temperature.
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The difference between the temperatures of the,cafid the
fluid decreases when X increases.

With a constant radiation, the increase in the floi
exchanged fluid increases the thermal effectivenasd
decreases the electric effectiveness.

All the temperatures of the system decreases wherflow

<
5 0. A increases, thus reduce the losses of heat witarthieonment,
§ follows then the improve of the system effectivendsit the
g 304 ] ventilation increases.
8
IX. NOMENCLATURE
320 4 4
300 . . . . . Ali Area m2
0,0 0,2 04 0,6 0,8 1,0
Mass flow(kg/s) Cf Specific heat J/IKg .k-1
G Solar irradiation W/m2
Fig.5 Effect of mass flow of the fluid on the lo¢amperature of system Temperature K
Figure 5 present de effect of mass of the fluidtloa local Le_ngth of collector m
temperature of element of collector, we remark theV Width of collector m
temperature of fluid decrease when the mass ilmnease, | Heat loss coefficient (W.m-2.K-1)
the same remark that the temperature of absorhgrthe M Mass flux (kg.s-1)
temperature of cell increase when the mass flowflé 9:
increase V Wind velocity (m.s-1)
P Area of absorber covered by cells m2
VIII. CONCLUSION 0 Heat W
The simulation of the system PV / T with CPMthas the :
following results. E Electrical energy W
Temperatures on the cover glass plate, on thecsudathe D heat transfer coefficient W.m-ZLK-
cell and on the insulating rear face are an inéngaiinction
of the distance x measured in the direction ofdfldiow.
If one comported the temperatures of any point ba t _Creekletters _
direction of the flow that of cell and absorber higher than a Absorptivity
those of thg glass. Moreover, the study confirnas the effect 0 Reflectivity
of the hub increases the temperatures of all compisrof the = e
system in comparison with a system without coneiomn. T ransitivity
The concentration is a very effective method touoedthe 6 Acceptance angle
cost and weight of material the CPC system woulchgare A Thermal conductivityW.m.K™*
with the system without concentration. 5 Thickness m
The study shows that the yields of electric currdeveloped Subscripis
by the cell, and the exergy thermal efficiency loé tsystem i
increases with the distance x measured in thetitireof flow. a Ambient
The study of the outputs shows that the electricrect Back pate
developed by the cell, the output of exergy andntiads of the c Convective
system increases according to distance X measurethei f Fin
direction of the flow. AbSorber i
The effectiveness of cell decreases in the samditomms the P sorber plate

increase in mass flow of the fluid, allows imprayirthe

photovoltaic and thermics effectiveness of the hylsystem
by decreasing the fluid and the insulating wall axglained
good heat exchange between the fluid and the pihtie

solar cells.

The electric current developed by the cells, thergyx and the
electric and thermal effectiveness are better witim without

CPC.

The temperature of fluid increases exponentially tlad

beginning of this one to reach a balance far frasrdieparture.
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