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Abstract
This paper investigates the output power and ineedathe efficiency of a hybrid Photovoltaic/ TherifiV/T) modules through
utilizing the heat generated from the surface aigda by one axial tracking of the hybrid PV/Tsystgmmeans of zenith angle and
decreasing the heat generated from the PV modyleoitrolling the flow rate of the system. A conigam between theoretical and
experimental work results for fixed and tracking/PVWybrid system is presented. Comsol softwardamge used to simulate the
electromagnetic waves produced by the sun througVing Maxwell's equations in three dimensions &neé sun irradiance is
assumed to be Gaussian distribution across theviewvelourning hours. Beside that an experimental vimgresented depending on
the results conjured from the theoretical expereensed in Comsol Multiphysics In the second pathefexperimental work, one
axial sun-tracking system is designed where theemewt of a photo-voltaic module is controlled ttofe the Sun’s radiation using
a Data acquisition card (DAQ) unit. Finally an aeti cooling system is designed and conducted to tb@ofixed and tracking
modules at which an absorber system consists gferguipe welded with aluminium plate is attachedemeath the PV modules to
allow water flowing below the modules. In additiorthe above an electrical analysis for both systeme presented where I-V, P-V,
power with 12 mourning hour's and electrical eféioCy. Beside that the thermal analysis for thedfiaed tracking PV modules and
the piping water are presented where the inputpoutemperatures, the total energy of heat losses thermal efficiency are

calculated. As a result, a significant enhancemnierihe total electrical efficiency is observed witbceptable increase in the output
water temperature.

Keywords: Cooling systems; DAQ); Hybrid; Comsol Multiphysib4at lab; Solid work; Lab view..
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Table 1: Nomenclature r(2) The reflectance |  —oooeeeeee
a(d) The absorption coefficient m~1
Symbol Description Units (A The incident photon flux | = ------—---
h Planck’s constant 6.626*10734) I Current A
*s \% Voltage V
C The speed of light 3*10®m/sec loy Dark saturation Current A
P12 The transition of an electron = --------——---- Nelectric PV efficiency. %
fromEjtoE, | - Pout The maximum power outpu W
9»(E) The density of electrons in m3 Pin The total optical input power W
the initial state Voc Open circuit voltage V
9-(E;) | The density of available fina| m™3 FF Fill Factor. %
states I Fluid Density Kg/m3
Kg Boltzmann constant 1.38* T Time Sec
107%m?* u Fluid velocity m/sec
Ik<9_1* S P Electrical power out of PV W
q The electron charge 1.6*10°C m Dynam(i:((:e l\I/iscosity Pa's
T Temperature K Cp Heat capacity at constant|  J/ kg*K
E The phonon energy Joules pressure
Vi The thermal velocity 10°m/sec VT Temperatur&radient K*m™!
S The grid-shadowing factor| - D Long wave energy w
E Surface emissivity | = ----------
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)y Stefan-Boltzmann constant  5.67% 78
W/im?*K*
u Overall heat transfer W/im?2*K
coefficient
A Plate surface area and PV, m?
area
ty Thickness of the plate M
A Pipe surface area m?
Ky Silicon thermal conductivity ~ W/m?*K
Ky Aluminum thermal W/m**K
conductivity
Kpipe Pipe thermal conductivity W/im2*K
hy Water thermal conductivity]  W/m?*K
heir Air thermal conductivity W/im?2*K
Tin Pipe inner radius m
Tout Pipe outer radius m
L Plate length m
w Plate width m
L Total pipe length m
Q The rate of heat transfer w
AT Temperature difference K
Qneat | Heat flux going into PV cell Wim?
Orad Solar Irradiant W/m?
Vinp Maximum power point \%
voltage
Inmp Maximum power point A
current
Ein Solar irradiant energy w
Ewater | Thermal Energy extracted by w
water
Myater Mass of water Ka/s
Tout The output temperature K
T; The input temperature K
Cpwater Specific heat of water 4.18kJ/kg*K
Nth Thermal efficiency. %
Epy Electrical energy w
Ntotal Total efficiency %

1. INTRODUCTION

Solar energy is becoming one of the primary souotesergy
replacing fossil fuels. Its versatility, abundancand
environmental friendly have made it one of the most
promising renewable sources of energy. Egypt isriengy
location for solar energy production. The Sahareeikes
some 2,400 hrs/year of sunshine, about 1.5 times1{f00
hrs/year than Europe receives. Egypt is one ofShe Belt
countries receiving between 1970 kWhffyear in the North
and 2600 kWhr/fiyear in the South [1].

Bakker et al. [2] analyzed a PV/T panel array whesat was
extracted from the panels and stored underground Ireat
exchanger. In winter, the heat could be extractednfthe

ground via a heat pump and used to heat potablervaaid
support a floor heating system while increasing dtetrical
efficiency of the solar panel. Chen et al. [3] deped a
hybrid PV/T pump system using refrigerant fluid Ra3as the
heat carrying fluid. The coefficient of performanEOP) of
the heat pump and electrical efficiency of the PAhgd was
measured at different condensing fluid flow ratesd a
temperatures. Teo et al. [4] investigated a tragkV panel
cooling system, in which the PV panels were codlgdorced
convection, with air being the heat carrying flugohd resulted
in a 4-5% efficiency increase. Yang et al. [5] deped a
functionally graded material (FGM) is a PV layegpper
water pipes cast into plastic lumber that was bdndéh
thermal paste to the backside of a PV/T panel. iGgolvater
was pumped at various flow rates through the cagper
pipes to decrease the PV/T panel temperature ttausdsing
PVIT panel electrical efficiency by up to 2%. Tisisidy also
analyzed the thermal efficiency of the closed systiesign,
and reported that a combined thermal and electeiff@iency

of 71% could be achieved, compared to 53-68% total

efficiency of other PV/T concepts.

2. PROBLEM STATEMENT

As the sun irradiance is varying across the daghieg its
maximum at the normal direction with PV module, tbeal
output power extracted is changing according te tariation.
To maximize such an output power, one axial suacking
system is suggested. This tracking system provithes
orthogonal between the sun and the PV module adiess
morning hours by controlling the modules using #emith
angle. On the other hand, rising in climate temipeeacausing
a dramatically increase in the modules temperatiifés
increase is from 10°C to 15 °C higher than the rite

temperature which reflects on the PV performance by

decreasing its conversion efficiency. To solve saig@roblem,
a high heat capacity fluid is used to cool the ntesiuby
passing through pipes in the backside face of thdube. This
fluid will extract the heat from the panel causintp
temperature to decrease, in other words its effaiewill
increase. By using hybrid PV/T system another sowt
energy is generated due to the thermal effect ef fthid
passing inside the copper pipers.

3. MODELLING AND SIMULATION

Herein, a simulation model for a fixed and trackimgorid
PVIT system is presented. A backside water pige#aed by
the influence of the photovoltaic modules resulta a
enhancement in the total conversion efficiency fed solar
system with increasing the output water temperature

3.1. Mechanical Modd

One axial sun tracking PV modules is presented.type of
PV modules is a polycrystalline (Si) as shown igure (1).
The system has been simulated using Comsol Mukiphy
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Solid work and Mat lab programs. This hybrid systmsists
of four connected PV modules with area 1.0396
m2andthickness is 0.04 m.The effects of coolingesysby
passing water in the backside copper pipes of 0r9,12.013
m for inner and outer diameters and 11.6 m len§tbopper
pipe material is chosen due to its high thermaldcativity
[6], while water is selected as a cooling fluid fis
availability and high specific heat constant. Ewoe tracking
system, the incident angle is set to be 30ofor eviseason
and 15o0in summer season for maximum irradiance. stime
irradiance is assumed to be Gaussian with a peak000
W/m2at noon while AM 1.5G is considered for theefix
system [7].

$ Inlet water

Fig 1: A tracking Polycrystalline PV/T hybrid system used
Comsol

3.2. PV Mod€

Modelling PV system is done through two main phasies
first phase is modelling the optical behaviour loé tmodule
and this is done by solving Maxwell's equationsngsComsol
Multiphysics in three dimensions and determines the
absorption coefficient of the material used in nilg the

PV (Silicon). The second phase in modelling device
characteristics by solving passion equation antingethe |-V
characteristics of the device and this is donegusiat lab.

All electromagnetic radiation, including sunlighg,composed
of particles called photons, which carry specifinoaints of
energy determined by the spectral properties df gwurce.
Photons also exhibit a wavelike character withwiagelength,
A, being related to the photon energ¥, By [8].

h,
Ex = (1)

Only photons with sufficient energy to create aectbn—hole
pair, those with energy greater than the semicaioduzand

gap (EG), will contribute to the energy conversjmocess.
Thus, the spectral nature of sunlight is an impurta
consideration in the design of efficient solar ell

The creation of electron—hole pairs via the absomptof
sunlight is fundamental to the operation of solalisc The
excitation of an electron directly from the valet@nd (which
leaves a hole behind) to the conduction band ideaal
fundamental absorption. Both the total energy aodnentum
of all particles involved in the absorption processst be
conserved. Since the photon momenturhz B/, is very
small compared to the range of the crystal momenRim h/I,
the photon absorption process must, for practieapgses,
conserve the momentum of the electron. The absorpti
coefficient @) for a given photon energyyhis:

a(hv) = ¥ Py, g,(E)g(E2)(2)

Assuming that all the valence-band states areafudl all the
conduction-band states are empty. Absorption resuit
creation of an electron-hole pair since a freetedads excited
to the conduction band leaving a free hole in thlence band

9.

The conservation of electron momentum of theindifgnd
gap semiconductors like Si and Ge, where the val®and
maximum occurs at a different crystal momentum thiaam
conduction-band minimum, necessitates that the gohot
absorption process involve an additional partieleonons, the
particle representation of lattice vibrations in eth
semiconductor, are suited to this process becaeyeare low-
energy particles with relatively high momentum. iNetthat
light absorption is facilitated by either phononsaiption
(ayp) Or phonon emissiona(,,). The absorption coefficient,
when there is phonon absorption and emission, igen dpy:

__ (hv—EG+Ep)?

0ap (hv) = —F——(3)
em -1
hv—Eg—Ep)?
e () = EEED ()
1-¢ KBT
h
Ep = %(5)

O‘O\) = Oap + o‘em(B)

Since both a phonon and an electron are neededke the
indirect gap absorption process possible, the akisor
coefficient depends not only on the density of firitial

electron states and empty final electron statesatmat on the
availability of phonons (both emitted and absorbeith the
required momentum. Thus, compared to direct tramst the
absorption coefficient for indirect transitions iglatively
small. As a result, light penetrates more deepty indirect
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band gap semiconductors than
semiconductors.

In practice, measured absorption coefficients ormidoal
expressions for the absorption coefficient are useghalysis
and modelling. The rate of creation of electronehphirs
(number of electron—hole pairs per cm3 per secaxl)a
function of position within a solar cell is:

Gx) =1 -5) [(1-r)rMa@d)e **dA(7)

Here, the absorption coefficient has been castéglims of the
light's wavelength through the relationshjp=h./A. The
photon flux,T'(A), is obtained by dividing the incident power
density at each wavelength by the photon energgaRing
the semiconductor behaviour of the device equaii®n
repeated here, is a general expression for themuproduced
by a solar cell [8].

[=1I5— 101(qu_‘;_ 1) — Iz (eq%— 1)(8)

The short circuit current and dark saturation auts@re given
by rather complex expressions that depend on the sell
structure, material properties, and the operatomgditions. A
full understanding of solar cell operation requimstailed
examination of these terms. However, much can benésl
about solar cell operation by examining the basionf of
equation (8).

From a circuit perspective, it is apparent thablarscell can
be modelled by an ideal current source (ISC) iralerwith

two diodes — one with an idealist factor of “1” atié other
with an idealist factor of “2”. Note that the ditemn of the
current source is opposed to the current flow ef diodes —
that is, it serves to forward-bias the diodes.

Solar cell efficiencyn, is defined as the ratio of electrical
power out (at an operating condition of maximum pow
output), Pout, divided by total optical power inn Pypically
under AM1.5G.AM1.5G stands for Air Mass 1.5 [7],08&l
illumination. “Air Mass 1.5” indicates that the dight has
been attenuated by passage through the Earth’ssptrae a
distance equal to 1.5 times the shortest path (vhersun is
directly overhead). “Global” indicates that bothredit and
diffuse components of sunlight are included:

_ P(out) _ Voc*Jsc*FF
Nelectric = P(in) - P(in) ( )

3.3. Thermal M odel

In this study, forced convection does not only eawuthe top
surface of the PV panel, but also through the pipented to
the backside of the panel. Therefore, the totalveotive heat
transfer is a combination of the heat transfehatdurface of
the panel and the heat transfer from the flowingewan the

direct band gap

pipe. The finite element analysis software beingdum this
study, Comsol Multiphysics contains an open sysaminar
flow and conjugate heat transfer physics packadactwis
being used to model the convective heat transféineénwater
pipe on the backside of the PV panel. This packege
appropriate for this study, because of the inhomegas
temperature field that is created as water flowsnfthe inlet
to the outlet of the pipe. Comsol numerically sshtke fully
compressible continuity and momentum equationschwlaire
the governing equations for the fluid flow, and afown
below in equations (10 and 11), shown in [6].

d
d—f =V.(pu) = 0(10)

pz—l:+ pu.Vu = —-Vp + V.(u(Vu+( Vu)T) —
23 V.u I1(11)

The heat equation is also solved, which is showaduation
(12).

pCu. VT =V.(KVT)(12)

The long wave radiation heat loss can be calculétech
equation (13).

qw = € -0-(T§V - T::1lmp )(13)

A numerical model based on Comsol Multiphysics dation
tool [10] for a hybrid PV/T is introduced as shownFigure
(2). The silicon PV modules are heated by the matignetic
waves produces by the sun through radiation heaisfer.
This heated body (PV modules) transfers its heattht®
aluminium plate and the copper pipe surface (ocamerinner)
by conduction. Finally the cooling liquid (wateg) heated by
convection where the heat loses and the surroundutigtions
are ignored. The overall heat transfer coefficisngiven by
equation (14, 15 and 16) and the rate of heat feans
calculated by equation (17) for an open thermodynam
system [6].

In(-10)2
57 = et T Tt e (9
A=1lxw (15)
a=2mnrlL (16)
Q= AUAT (17)
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Fig (2): Front and back view for a PV/T system used in
Comsol.

The thermal model modelled in this study is ideadtio that
modelled by Jones and Underwood [11], althoughatheunt
of energy applied to the PV cell that is convertedheat
energy is calculated using the same method Kerznzenth
Schaefer [12] utilize. The heat energy going i@ PV cell is
a function of the PV cell efficiency)py, as shown below in
equation (19) Using this calculated value for thé E&ell
efficiency, the amount of solar irradiance,,q that is
converted to heat energ@;..:isthen calculated at each time
step from equation (18). The steady state soluisofinally
reached as the Comsol solver converges.

Qheat = Qrad ( 1- ﬂpv)(18)

The PV cell electrical output efficiency can als® dxpressed
as a function of PV cell power output, solar ireadie, and the
PV cell surface area as shown in equation (19).

Vinpl
Mpy = ;zdn;p(lg)

Post processing of the data recorded in the simuakatis
required to calculate the thermal efficiengy, of the PVIT
panel [9]. First, the total amount of energy (sadfaadiance)
into the cell must be calculated, which is givenedmuation
(20).

Ein = draq A(20)

Next, the thermal energy of the extracted by théewaer
second must be calculated from equation (21).

Ewater = mwatercpwater(Tout - Tin)(21)
The mass of the water passing through the reseiyeir
second can be calculated from the density and faies of the

water, assuming unit depth of the reservoir. Therrttal
efficiency is simply given by equation (22).

Ewater
nth = ﬁ(zz)

Similarly, the quantity of the total input energgnwerted to
electrical energy can be approximated from thetsmiudata
by obtaining the average electrical efficiency bk tPV/IT
panel, a COMSOL derived value taken across thdaygr of
the model, and multiplying it by the total energyo the
panel,E;,. This is shown by equation (23).

EPV = 111:\/Ein (23)

The total efficiency of the PV/T panel is then cartga from
equation (24).

_ EwatertEpy
Ntotal = Ein (24)

Using equations (22 and 24) the thermal and thal tot

efficiency are simulated.

4. THE PROPOSED TECHNIQUES FOR
ENHANCING THE EFFICIENCY

Two techniques are used to enhance the efficiehd¢heoPV
thermal system. First enhancing the tracking @f ltybrid

PVIT system by zenith angle and second decreadieg t

temperature of back surface for PV modules.

4.1. Tracking System

A closed loop control system of the hybrid PV thalsystem
has been designed to track the zenith angle [1gur& (3)
shows the designed control system where a PID aiteithas
been done. The block diagram of closed loop comwotains
DAQ, potentiometer and simple circuit assisted ritor to
rotate shaft for facing the Sun irradiance. Figidieshows the
place of the potentiometer used to feedback théeanigPV
thermal system.

The mathematical description of PID control is givby
equation (25):

u(®) = Ky e(® + T [ye(r) d+Ta 5 1(25)

4.2. Decreasing the Temperature of Back Surface for
PV Modules

To decrease the temperature of back surface of BYuhas
used four temperature sensors (LM 35) are useglkaced on
the surface of four PV modules to control solengadve by
PWM (Pulse Width Modulator) as shown in Figure (Eigure
(6) shows the place of electrical valve in the Fiérinal
system. Beside that two thermistors are locatedhliet and
outlet copper pipes to calculate the heat generfited PV
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modules. The mathematical descriptionqf.,; iS given by
equation (26):

Qheat = m' Cp AT(26)

And then calculate the thermal power generated ffvh
panels by equation (27):

Phermal = Qheat/time(27)

—
DIUEIETIRD, .. T
[Referanceangle 1|
I PID
Signal
7= control | | | Power | | Rack and
szn inght ocessing| 0AQ) Tnmpﬂﬂar_ii Mator Pirion
|
I (N |
Sgnal | ;
i Potentiometer
Actual Angle Conditioning H

Fig (4): Place of Potentiometer to control the PV therngatem.

5.HYBRID PV/T EXPERIMENTAL SETUP

Figure (7) shows the experimental set-up designed t
investigate how the temperatureaffects the effmyemnd
power output of PV panel during operation and takes
advantage of these heat losses. The system moontadoof
of a building in a sub-urban area near Cairo. ATPSystem

designed as one axial active tracking [14]. Duritige
operation, a mechanical tracking system was usetbidulate
the power output from solar panel by regulatingghsition of
the photovoltaic module facing the sun. In otherrdgothis
mechanical system makes the zenith angleapprodoteso
from sun rise to sun set to ensure that the maxiralattrical
power is extracted depends on solar irradiancerasge from
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400 Wi?to 980 Wim?.A hybrid system combined between
PV and cooling systems was designed to cool theutaed

The experiment was conducted from 6:00 am to 6190 A
solar power meter was used to capture the dailpagleolar
irradiance. Temperature measurements are impartathese
experiments and therefore calibrated K-type thewouptes
were utilized. In the experiments, PV current, Pdltage,
water input and output temperatures, PV surfaceésatures
and solar irradiance were collected. All the experital test
rig components that used have been calibrated.iRgadere
collected from June 2013 to January 2014,

In order to provide one axial rotation tracker, lased loop
control system is used. A 5 volt potentiometeridxed inside
the spindle perpendicularly to detect the angleotdtion. The
potentiometer voltage is acquired to a NI DAQ 60a&d
calibrated into the corresponding angle. Then a édbtroller

PV Modules

Four
Temped atuse
G VR

Toet. = 35C

is chosen to control the system using a previoaalgulated
reference angle as shown in Figure (8).

In order to maximize the electrical power extractemn the
PV modules, a solenoid valve is used to contromibter flow
by acquiring the PV surface temperatures usifgalt (LM

35). The temperature sensorsignal (from LM 35) aeguto

the Lab view through the NI DAQ to be calibratedilse

width modulation (PWM) is used to control the openi
duration of the valve by varying the duty cycle afsquare
wave generated by Lab view. The frequency of theMPi&/
chosen to be 50 Hz as required by the solenoicevdllie Lab
view block diagram shown in Figures (9). The ingmutd

output water temperatures is measured through aolb v
thermistor and acquired to the lab view throw tHeDMQ to

be used in calculating the total amount of eneggpgés from
the PV modules to the water.

Laptop

Contred
PoATE
A

Fig (6): Place of electrical valve used to decrease theeesture of PV surface modules.
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Fig (9): Closed loop block diagram for decreasing the teatpee of back surface of PV modules.
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6. RESULTSAND DISCUSSION
6.1. Tracking Response 8

Figure (10) shows the response of the trackingrobsystem
whereK,= 3, K;= 0.63 andK4= 0.0086. The PID controller
shows a zero steady-state error as response tongtigp The
maximum over shot 93 degree and occurréf at;= 3.1 sec.
The K, responsible for increases the responses spedueof t
motor, the overshoot of the closed loop systermreases [15].

Absolute error (degree)
N w s o o

-

3

Fig (12): Absolute error verses 12 hours mourning.

L b - [}
N 0 S

| k.-n.:’lg;: ] f:-\; -
1 1

5 6.2. I-V AND P-V Characteristics Curves for

Theor etical and Experimental Results

T BEEEEE

The I-V and P-V measured experimentally under diffiee
irradiance are compared with the corresponding Isitioun
S results as shown Figure (13). This comparison shaws

: acceptable response between the experimental aodetital

results. It can be observed from the graph thatirttpact of
the Sun irradiance is reflected on the short dircuirent with
low effect on the opencircuit voltage. The higheunS
irradiance is the higher short circuit current.hlas to be
mentioned here that the differencebetween the ewpatal
and simulation results is due to the limited numinodr
measured data that is taken in the experimentdiseas the
high power resistors are of fixed tendered values.
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Fig (10): Acquired voltage vs. duration time response f@ Pl
control.

To examine the utility of the PV tracker based on a HV curees for 4 PV modules
potentiometer, the reference angle is plotted vénseactual
angle as shown in Figures (11) and the error isutated
shown in Figure (12). As expected the error variivam O to
9% as we go toward extremes either to left or ghtri A
minimum error is recorded at noon angle where ffieiency | |

can be observed from the graph that the error doezceed } } }EXp‘em‘”‘a' Res‘r‘&
10% which indicated that the used technique is féinient 0 2 8 0 n» W % B N
one to track the sun across the day. V (ol

=

ol (A) o

J ~\l‘\\§{ h

o

"‘““%

®4444L

0,,,J,,,L,,J,,P,\f&uwesowP\lmodules 4__4, _

Poawer (W att)_,

Rotation angle (degree)

Fig 13: Comparison between |-V & P-V curves for fixed and
tracking PV/T hybrid system

Time (Hr)

Fig (11): Rotation angle verses 12 hours mourning.
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6.3. Theoretical and Experimental Resultsfor Output
Powers and Related Efficiencies

6.3.1. Without Cooling

Figure (14) provide a comparison between theoretcel
experimental work of fixed and tracking systems hwitt
cooling. This comparison shows an acceptable respo
between the experimental and theoretical resulis. tffacking
system shows an improvement of about 20% in th@ubut
electrical power with respect to the fixed systefrhis
enhancement in the Pout is reflected on electeffediency of
the PV modules as shown in Figure (15).

Power Qutput vs time

70*77777'77777V77777*7W 777777777777777777
60— - —-—+-—-—~
L e Y ar i B e
2
SA0 - S e RN\
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a3 --F -t
5
o | . . 1 N |
520 — — — #'%% —o= Fixed Experimental Results <
e / ,-’: ! - Tracking Experimental Results < : ~ V|
10;2_;*’* —§ — =+=Fixed Simulation Results Bt S R
C. L T . o ~
‘.,J‘ Tragklng Slmulatpn Results ‘ Poeca !
0 2 4 6 8 10 12
Time (Hrs)

Fig 14. Comparison between simulation & experimental
results for Pout with 12 hour's mourning for Fix&dracking
PV/T system without cooling 815* December &15‘January.

Electrical Efficency vs time
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Figl5: Comparison between simulation & experimental
results for electrical efficiencies with 12 houn'surning for
Fixed & tracking PV/T system without cooling
on31%t December &15anuary.

6.3.2. With the Enhanced Hybrid System

Figure (16) provide a comparison between theoretira
experimental work of fixed and tracking systemshwiboling
but without controlling on the flow rate inside tl®pper
pipes. This comparison shows a great accordaneeebatthis

case and previous one (without cooling). This caispa
shows an acceptable response between the expesinaemt
theoretical results. The tracking system shows an
improvement of about 30% in the output electricalvpr with
respect to the fixed system. This enhancementenPtbut is
reflected on electrical efficiency of the PV modukes shown

in Figure (17). By comparing both with (without nogi
controlling system) and without cooling systemscén be
observed that a cooling system records a highetemsys
enhancement of 7% compared to without cooling case.
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Fig 17: Comparison between the electrical efficienciefhiwit
12 hour's morning for fixed and tracking PV-modubeshout
controlling the flow rate in the pipes cooling on
14™ January &15"]anuary.

For thermal analysis, the output temperatures agasored
under both fixed and tracking systems and compaitddthe
corresponding simulation results as shown in Figu8. This
comparison shows an acceptable
experimental and theoretical results 15% increaglkd output
temperature is observed due to tracking. The thiepoaer
generated from PV panels calculated frQq,; as shown in
Figure (19). This achievement in thermal power tinehe
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total efficiency is calculated in Figure (21) ag tsum of the
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2 ! Figure (21) provide a comparison between theoretical
experimental work of fixed and tracking systemshwiboling
but with controlling on the flow rate inside thepper pipes by
means with using the electrical valve and the smnea the

surface of PV panels. The controller assists thetetal valve
to open and closed by PWM. The flow rate of watgrigside
. . the copper pipes by different flow. This comparistrows a
Fig 18: Comparison between the output water temperatures great accordance between this case and previouéadtheut

W'th 12 hour’s morning for fixed a_nd tracl_<|ng P_V-dujes controller). This comparison shows an acceptabipaese
without controlllhng the flow rathe in the pipes cog on between the experimental and theoretical resuhis. tfacking
14 January &15"%January. system shows an improvement of about 30% in titpud

Thermal Efficiency vs time electrical power with respect to the fixed systefrhis

enhancement in the Pout is reflected on electéffadiency of
the PV modules as shown in Figure (22). By compgphiath
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Fig21: Comparison between simulation & experimental
results for Pout with 12 hour’s mourning for Fix@dracking

PVIT system with cooling @15t December &15January.

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org 332




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

Power Output vs time

80 —————F————— e ————— = Output Temprature vs time
S C C [ R T
| | | | | |
| | o | | |
P it T . - - - - - ————
60—~ S 1 T e i j
§ [ | ,’Tf-‘"‘ | . | |
= 230 Lomspet ol = R
S A 2 ‘
= ." g o I Sal
2 ‘," ) = == Exp. tracking system !
S0t - - =¥~ Exp Fixed lResuIts o 10 ===~ - - — | —— Exp. fixed system T !
Y‘V == Exp Tracking Results I — Simulation fixed system I I
| = Simulation Fixed Results 0 : =+=Simulation tracking system : |
Y } ===Simulation Tracking Results ‘ ! 0 2 4 6 8 10 12
% 2 4 6 8 10 1 Time (hrs)
Time (Hrs) . .
Fig 24: Comparison between the thermal powers generated
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corresponding simulation results as shown in FigR8. This Ssol - - T S ,J
comparison shows an acceptable response between the g, Pl e’ A J
experimental and theoretical results 30% increasedhe B 5 - 7,!'&': e S\
output temperature is observed due to tracking. fhieemal E I S — Simulation fixed system | . N
power generated from PV panels calculated frQm,, as A~ bl el IS o SN
shown in Figure (24). This achievement in thernm@ak@r due == Exp tracking system } !
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reached to 6% in case of fixed system while it oleseto 9%
in tracking system. This improvement causes a 308tease Fig 25: Comparison between the thermal efficiencies wih 1
in the thermal efficiency so that a 78% thermalcefhcy is hour’s morning for fixed and tracking PV-modulegiwpipes
detected as shown in Figure (25) for the trackiysjesn while cooling on315t December &15Yanuary.
that of the fixed system is only 61%. Finally thetat _ _
efficiency is calculated in Figure (26) as the sethe B — — — — - o :*leim,f",Eﬁ';i’ﬂ"f tme _____ o ,
electrical and thermal efficiencies. A 30% enhaneenin the | ~ (,w’-”"}"'\l:_'\‘h . ! !
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the main achievement in this work. 7 ; !
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Fig 23: Comparison between the output temperatures with 12~ Where the efficiency of the PV modules is calcudatéthout
hour's morning for fixed and tracking PV-modulegtwpipes cooling and with cooling water system in two caskth and
cooling or81%t December &1%January. without controlling the flow rate of water insiddermal

system. The following major conclusions are derifredh the
discussion of the experimental results:The coolgygtem
reduce the PV modules temperature up to 10 andC@°
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without controlling but with controlling between 1
30°Crespectively for fixed and tracking systems pared to
the non-cooling module due to the back pipes cgolifhe
thermal power in case of controlling reached tovitt but
without controlling obtained to 18Watt. This is dte the
inability of water inside the copper pipes to susgeeand takes
the enough time to decrease the temperature ofdPélp. As
the modules temperature increases the output dunmeneases
through limited range In contrast, the output vpitalecreases
where the band gab energy for semiconductor dezseaih
increases the surface temperature this cause esasin fill
factor for the module with cooling rather than with cooling
and without controlling for the flow rate.As Thdl fiactor is
inversely proportional to the module surface terapee.The
reduce in module surface temperatures due to @slstem
causing an increase in the module daily output pabéained
to 10% for fixed system while in the tracking systwithout
controlling reached to 20 % respectively comparedwith
controlling obtained to 30% due to back cooling.
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