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Abstract: Problem statement: Experiments have been conducted to investigateetteet of mass
flow rates on the electrical, thermal and combinéghotovoltaic thermal efficiencies of the hybrid
collectors.Approach: Two photovoltaic thermal solar collectors wereigesd and fabricated. The
first collector, known as spiral flow absorber ealior, designed to generate hot water and eldgtrici
The second collector, known as single pass rectangunnel absorber collector designed to generate
hot air and electricity. Both absorber collectoeyevfixed underneath the flat plate single glazheet

of polycrystalline silicon PV module. Water was diges a heat transfer medium in spiral flow absorber
collector and air for the Single pass rectangulanél absorber collector respectivelBesults: The
experiment results showed that the single flow giesocollector generates combined PV/T efficiency
of 64%, electrical efficiency of 11% and power nmadim achieved at 25.35 W. Moreover, Single pass
rectangular tunnel absorber collector generatecbawed PV/T efficiency of 55%, electrical efficiency
of 10% and maximum power of 22.45 Woncluson/Recommendations. The best mass flow rate
achieved for spiral flow absorber collector is QLOdg sec' at surface temperature of 55% and
0.0754 kg se¢ at surface temperature of 39°C for single pastneglar collector absorber. It was
recommended for PV/T system to further improveeifficiency by optimizing the contact surfaces
between the solar panel (photovoltaic module) &edttbes underneath and also recommended to use
other type of photovoltaic cell such as amorphoilisos cell that posses the black mat surfaces
property that will improve it thermal absorption.
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INTRODUCTION photovoltaic technology, such as, for heating pagso
for water and space, solar drying and building
Energy is required in almost every aspect of humaintegrated skins (facades). In heating, photowoltai
activities and development of any nation in thisrhdo module is combined with solar thermal absorber
Increasing fossil fuel price, energy security atichate  collector to produce a hybrid system. It is knovactf
change have important bearings on sustainabléhat the efficiency conversion of solar energy to
development of any nation. The increase in foagl f electrical energy using photovoltaic cells is ligaitby
prices has created an inflationary pressure in theeveral factors. Firstly, conversion efficiencyldahs
economic field which influenced the increase iriest  the temperature of the photovoltaic cells rise and
rates and investmefifs One of the drastic approaches secondly, the photovoltaic cells are only respamsiva
taken by researchers all over the world is to thiee a  portion of solar spectrum, which is equivalent @hler
backup or replacement source of energy. One of ththan the band gaps of the solar radiation. Thamis of
promising energy is the renewable energy technefgi the main reason that make the usage of photovaitaic
-in this case, solar energy, which commonly known atropical countries is less chol@e
Photovoltaic technology (PV). The photovoltaic Photovoltaic Thermal technology (PV/T) has been
technology has its own advantages comparing tor otheleveloped since 70’s. Basically the solar energy
sources, such as, operate in noiseless mode,ytotaltechnology can be broadly classified into two syste
clean and green energy, highly credibility systeithw photovoltaic energy system and thermal energy syste
life span expectation between 20-30 years andleevyy The term PV/T refers to solar thermal collectoratth
maintenance system. There are many applications afse PV cells as an integral part of the absorbatepl
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The system generates both thermal and electricalonvert solar energy simultaneously into electrical
energy simultaneously. The first air hybrid colect energy and thermal energy in such a way that tle tw
was employed by the University of Delaware. Theprocesses are compatible and integrated.

hybrid collector which was integrated by Baatral .

integrate the solar collector to building roof, kmoas  Collectors configuration:

“Solar One” house. Since the first hybrid collector Spiral flow absorber collector: In this experiment, a
being studied, variety of studies about the PV/3tesp  specially made Spiral flow absorber collector and
has been carried out throughout the world. Theistud Single pass rectangular tunnel absorber collecéwe h
mostly focusing on the air and water based as thbeen designed and evaluated. The Spiral flow, asrsh

medium to the heat transfe¥. in Fig. 1, is made of rectangular hollow tubestafrdess
Amongst the PV/T solar collectors that being steel material with dimension of 1X12.7 mm.
studied, the most popular is the air type solatectdr The tube was connected using a welding method.

with photovoltaic module, even though it is mostThe absorber collector should have a single umdhte
popular, this type of collector has less in usagechannel for the water to flow in it with the sizé o
compared to the water collectSts The PV/T solar 815<628 mm before it is assembled underneath the
collector system has been designed to generate tRgandard PV module with the size of 1 m height and
electricity and at the same time to produce hotast  0.65 m length. As shown in Fig. 2, the photovoltaic
hot water. The hot air and hot water gained candg®l module has been represented as a flat plate single
for other purposes in low heat temperature prosesseglazing sheet of polycrystalline silicon with siagl
Wolf*® analyzed the performance of the combinationglazing sheet. The Spiral flow absorber collectsr i
of heating and photovoltaic power systems fordesigned in the form of continuous coil or tube
residences using Hottel-Whillier moH&| he analyzed configured. The spiral coil has at least one it
the combination of photovoltaic and thermal flaatpl outlet to allow fluid to enter and to exit from toi
collectors with the traditional hot water systendd@V  respectively.

module. He concluded that the system was techyicall The inlet and the outlet of the spiral coil are
feasible and cost effective. Zondagal."”? reviewed  arranged further away to the entre point of theaspi
various concepts of combined PV-thermal collectorThis will allow the water to flow in reversed ditam
technologies by introducing and evaluating nineand covered the entire photovoltaic module. Waién w
different designs, ranging from the complicatedhte  |ower temperature enters the coil and travel thhothg
simpler one, in order to investigate the maximueidi  spiral coil into the centre point and travel aweynfi the
They concluded that the design of the channel belowentre point leaving the coil as hot water. Theater
the transparent PV, with PV-on-sheet and tubesydesi can be consumed or stored for later use. In thig wa
gives the best efficiency overall. Bergeee al."™®  solar radiation energy can be fully utilized.

perform theoretical examination of a flat plate asol

collector model that integrated with solar cellhey = —=— | |4 Hot
concluded that, the system can produced approxiynate I = =] 2T
about 60-80% efficiency. Huanget al.' have ==l [
developed PV/T system using a polycrystalline solar !iH[?I:If i_‘_-"_\l:iil‘l

PV panel, adopted to be combined with a collector — |i‘|i"‘=‘_ ||‘||
plate. They suggested that the collector plate rbest J = |

directly attached to the PV panel using the thermal

grease, for better contact. teal."* recently studied Fig. 1: The design of Spiral flow absorber collecto
the hybrid PV/T system which used natural convectio

to circulate the water, adopting a flat-box absorbe
design. The study shows increasing of daily thermal
efficiency up to 40%.

The aim of this study is to study the influence of
various mass flow rates to the efficiency of the
collectors. This research provides experimentalltes
and could be considered useful to estimate theracgu
of various mass flow rates for both collectors. Utss
from the results and observation of the experimentFig. 2: The perspective view of Spiral flow absarbe
enable us to justify the collectors which are afue collector
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Fig. 3: The design of Single pass rectangular tunne

absorber
Fig. 5: The solar panel under the halogen lamps
simulator
Photovoltaic cell
A Mass flow rates for Single flow absorber collectve
! | o set ranging from 0.004-0.02 kg SkcFor Single pass
l rectangular tunnel absorber collector, the masw flo
Tnsulabor ot air outrom collector rates are set ranging from 0.0110-0.0754 kg'sate
Blower Didting tests are carried out by setting the solar radiatiothe

designated power and once it reaches steady state
condition, the medium (water and air) are flowed
through the collector absorbers. The parameters
measured are: Current, | (A), Voltage, (V), shorntuat
current, L. (A), open circuit voltage, ¥ (V) and
temperature, T (°C) are measured every 90 min. Data
collected are used to calculate the electricatiefficy

and thermal efficiency for both collectors.

Fig. 4: Blower and photovoltaic thermal collector
ducting connection

Single pass rectangular tunnel absorber collector: As

shown in Fig. 3, Single pass rectangular tunnebidies
collector is fabricated from 39 units of aluminidnollow

rectangular tubes, with the size of4225x120 cm. The
tubes are then arranged in parallel, stacking bige RESULTSAND DISCUSSION

side, to form a tunnel configuration.

The tunnel design comprised of 1 m height and  The performance of collectors can be depicted by
0.65 m length and has been inserted underneath tfiee combination of efficiency expressioh It
standard PV module. The tunnel rectangular tubge ha comprised of the thermal efficiency, and the
been placed underneath the PV module act as healectrical efficiencyn.. The total efficiencies, which is
conductor. Once it is place underneath the PV n&gdul known as combined PV/T efficiency, is used to
an insulator is used to cover the tunnel to prevesat  evaluate the overall performance of the system:
loss to surrounding. Referring to Fig. 4, ductingsh
been designed and fabricated and connected to blowe No = Nthermat Nelectrical
A heater made of 2 halogen lamps was place insigle t
ducting to stabilize the air temperature that gaimg The thermal performancey, of the PV/T unit is
the collector. evaluated for its thermal and photovoltaic perfanoe

as such, the derivation of the efficiency paranseter
MATERIALSAND METHODS based on the Hottel and Whillier EquatitHswere
used. For both absorber collectors efficiency, fthil
and air mass flow rates can be calculating usirgy th
'equation below:

Experimental set-up: In this experiment, a standard
solar panel model, which rating at 80 W power unde
800 W m? solar radiation, is used. As seen in Fig. 5,
the solar PV/T collectors are tested under 23 sitoul m = pAVay

halogen lamps. The experiment was conducted in

control environment (constant room temperature ofWhere:

25°C) and was tested under 5 different mass fldesra rm = The mass flow rate

Both collectors are tested with and without theodisrs p = The density of the fluid or air drain input area

to compare the differences. Solar radiation fromV,, =The fluid or air velocity, determined using
experiment lamps are set approximately at 800 W m voltage regulator and blower in the case of air
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Iscand V,ccan be achieved by connecting directly 115 80
to the multimeter, which later connected directiythe s L0
solar panel. 4 and V.. Where }, and \,, are from L 113
power maximum, R. Power, P is the result of current, | T2 160 5
(V). The thermal efficiency of the collector can be 2 1 -50 o
expressed By 2 110 40 I
_i 10.9 ;—
. E 30 =
Ny = mCéATX 100% :E jg? —#— Electricalefficiency 20 _%
poT E
jgﬁ_ —&— Surface temperature | 1 ”
Where: 104 Lo
m = Mass flow rate (kg s&Y 0 0.0t 0o 0l
C, = Specific heat of the collector cooling medium (J Mass flow rate, m (kg sec )
kg™°C™) _ _ Fig. 6a: Electrical efficiency and surface temperat
A = Differences between fluid or air outlet versus mass flow rate for Spiral flow absorber
temperature (K), () and fluid or air inlet collector
temperature (K) (iJ
A, = Area covered by absorber collector 60 [ 80
Gr = Solar radiation at NOCT (irradiation level 800 W ) L 70
m? wind velocity 1 m se¢, ambient g ¥ 6o &
temperature at 26°C taken every 90 min) ) 0 3
Performance of electrical efficiencye is shown £ %0 [ 40 E
as below: R 003
2 —— Thermalefficiency L0 2
10 —— Surface temperature
Ny = Ime x 100% P 10
AG, 0 0
0 0.005 0.01 0.015 0.02 0.025
Mass flow rate, m (kg sec )
Where:
Im = The maximum current (A) Fig. 6b: Thermal efficiency and surface temperature
V., = Maximum voltage (V) versus mass flow rate for Spiral flow absorber

collector

The experiment results in Fig. 6a and b shows the
=70

electrical and thermal efficiency versus the swefac 1015

temperature and mass flow rate for Spiral flow abso z 1001 - 60
collector. The result shows that when mass flove rat 2 00s 50 £
increases, the surface temperature decrease ahe at B £
same time the efficiencies for electrical and thdrm 2 % 0%
increase. In this experiment, the data shows thétea 595 L Plectsical cffcioney | 5
surface temperature of 55°C and mass flow rate of = oo ’ o 2
0.011 kg sec¢, the absorber collector generates = . —a— Surface temperature Z
combined PVIT efficiency of 64%, with electrical e 10

efficiency of 11%. 9.80 ; o o o ; 080
Figure 7a and b shows the electrical and thermal '1:1 a ‘ . (k' o
- . vlass Ilow rate, 1l g s¢C )
efficiency versus the surface temperature and tiass T

rate for the Single pass rectangular tunnel absorbgjy 7a: Electrical efficiency and surface temperat

collector. The result is similar to the Spiral fl@sorber versus mass flow rate for Single pass
collector. For Single pass rectangular tunnel dlesor rectangular tunnel absorber collector

collector, at a surface temperature of 39°C andsifias

rate of 0.0754 kg s&G generates combined PV/T Figure 8a and b show the dependence of electrical,
efficiency of 55%, with electrical efficiency of % thermal and combined PV/T efficiency on the mass
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flow rate of the Spiral flow and Single pass regtdar  Error analysis for thermal efficiency was lower rihe
tunnel absorber collector respectively. The efficies  electrical efficiency and its because the mass flate
approach steady state values as the mass flow ratsed in thermal calculation had smaller error campa
increases. In this experiment, it is seen thatSimgle  to current and voltage used in electrical.
pass rectangular collector absorber, the steadg sta  The behaviour of the I-V curve for the two
efficiency is reached at a threshold mass flow aite collectors is shown in Fig. 9 along with the batat
0.0754 kg se¢ while for Spiral flow absorber collector; solar panel for comparison purposes. This can be
the threshold mass flow rate is 0.011 kg Sec explained based on the experimental observatiorengi
For Spiral flow absorber collector, the errorin Fig. 6a and b and 7a and b. The open circuitagel
analysis for mass flow rate at 0.011 kg Sewas (Voo short circuit current {) of the Spiral flow
+0.004 kg se@, error analysis for electrical efficiency absorber collector are the highest because ofdhe |
was 11#3.36% and thermal efficiency was 52+0.10%Surface temperature of the panel due to the medium
For Single pass rectangular collector absorberetrer ~ Used. For Single pass rectangular tunnel, the short
analysis for mass flow rate at 0.075 kg Sewas circuit current ({9 is less than the_ one in Spiral _flow
+0.0052 kg se¢, error analysis for electrical efficiency absorber collector but the open circuit voltagg:XVs
was 10+4.04% and thermal efficiency was 45+0.28% about the same.

- 70
30 r 70
P - 60 _ 60
=40 = ;i
= 33 F0 % ERE)
& 30 La 2 S
s w0
3 30 g = —0=— Electrical
= 20 < =30
E 15 L20 2 = = Thermal
Z 1 —#— Thermalefficiency " & = —a— Combined PV/T
5 —— Surface temperature 0 10
OO 0.02 0.04 0.06 0.08 o
Mass flow rate, m (kg sec ) 0 0.01 0.02 0.03

Mass flow rate, m (kg sec )

Fig. 7b: Thermal efficiency and surface temperatureFig_Sb: Combined PVIT efficiency versus various

versus mass flow rate for Single pass )
mass flow rates for Spiral flow absorber
rectangular absorber collector

collector
a0
2.50
50
2.00 ¢
40 S L7 T EE.—

——CElectrical

—a—Thermal

Current, | (A)

—#&— Bare plate solar panel

Total efficiency, 1, ., (%)

—&— Combined PV/T i
—=— Single pass rec tunnel

—5— Spinal flow

0 0.02 0.04 0.06 0.08 0 3 10 15 20

Mass flow rate, m (kg sec ) Voltage (V)

Fig. 8a: Combined PV/T efficiency versus variousFig. 9: I-V curve for Bare plate solar panel, Ssnghss
mass flow rates for Single pass rectangular rectangular tunnel and Spiral flow absorber
tunnel absorber collector collector
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This is due to the slightly lower temperaturetof t 3.
medium used giving rise to a lower surface tempegat
of the panel. From the observation, the result shihat
the Spiral flow design collector has the power
maximum of 25.35 W and the Single pass rectangular
tunnel absorber design with tunnel have the maximurd.
power of 22.45 W. Both collectors are being comgare
to a bare plate solar panel that giving a power
maximum of only 20.66 W. 5.

CONCLUSION

The photovoltaic solar collector comprises of a
combined photovoltaic module (PV) and an absorber
collector for building integrated Photovoltaic Thed g,
(PVIT) application, have been integrated. The optim
operating temperature of the photovoltaic moduld an
efficiency conversion have been obtained, deterchine
and maintained.

From this experiment, the results indicated that
Spiral flow absorber collector at temperature ofG5
(Panel temperature), achieving the best mass fae r
at 0.011 kg sét¢ and generates combined PV/T
efficiency of 64%, with 11% of electrical efficiepand
power maximum of 25.35 W.

Single pass rectangular collector absorber actieve
it best mass flow rate at 0.0754 kg Seat surface
temperature of 392°C, generates combined PV/'IB'
efficiency of 55%, with 10% of electrical efficiepand
maximum power of 22.45 W.

It is recommended for PV/T system to further
improve its efficiency by optimizing the contact
surfaces between the solar panel (photovoltaic teddu
and the tubes underneath.

It is also recommended to use other type 0f9'
photovoltaic cell such as amorphous silicon cedtth
posses the black mat surfaces property that will
improve it thermal absorption.

10.
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