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ABSTRACT

A hybrid Photovoltaic/Thermal evD solar system can simultaneously provide
electricity and heat, achieving a higher conversion rute of the absorbed solar
radiation than that of a standard PV module. This system consists of a PV
module coupled with water or uir heat extraction devices. In this paper, an
experimental study of a PVT dual system, both simultaneous uir and water
circulations with modiJications in the air channel are presented. First
moditication is to place a Thin Flat Metallic sheet QMS) inside the air
channel and the second one is to mount Puinted Black Ribbed sarfuces at the
bottom of the air chunnel. Nutural convection is ullowed to take place instead
offorced convection to increuse the system net electrical output and thereby
the overall system efficiency. To observe vsriutions of heat transmittance with
change of the shape of ribs (Semicircular, Triangular, Rectangular and FIat
surfuces), four experimental systems have been fabricated. Results obtained
here have been compared with previous works in this area of research.

Keywords: Hybrid PVT Solar System, Solar Energy, Thin Metallic Sheet gMS),
Painted Black Rib.
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1 INTRODUCTION

A Photovoltaic cell converts only 10-15% of the incoming solar radiation
into electricity while a greater percentage of the radiation is converted into heat.
The solar radiation converted into heat increases the temperature of the pV
modules, resulting in drop of their electrical efficiency. This undesirable effect
can be partially avoided by applying a suitable heat extraction facility with a
fluid circulation and maintain the electrical efficiency at a satisfactory level.
Furthermore, this extracted heat can be utilized for heating air and/or water. For
this purpose Hybrid photovoltaic/thermal (pvr) solar systems have been
introduced.

Many theoretical and experimental works have been carried out for the
improvement of hybrid PVT Solar systems since its appearance in l9g0,s. The
main concept of these systems with results, using of water or air as heat removal
fluid was given by Kern and Russell (1978). Hendrie (rg7g), presents a
theoretical model on PVT systems using conventional thermal collector
techniques, Bhargava et al. (1991) and Prakash (1994), present results regarding
the effect of air mass flow rate, air channel depth, length and fraction of absorber
plate area covered by solar cells (packing factor, pF) on single pass, Garg and
Adhikari (1997) presented a variety of results regarding the effect of design and
operation parameters on the performance of air type pVT systems. Recent works
on PVT solar systems includes development of a hybrid photovoltaic-thermal
(PVT) collector technology using water as the coolant carried out by Saitoh et al.
(2003). Through good thermal contact between the thermal absorber and the pV
module, both the electrical efficiency and the thermal efficiency can be raised.
Fin performance of the thermal absorber is one crucial factor in achieving a high
overall energy yield. Design and performance improvements of hybrid pvr
systems with water as heat removal fluid were carried out by Souliotis (2008) at
the University of Patras, Greece including modifications that contributed to the
decrease of PV module temperature and to improve the total energy output
(electrical and thermal) of the PVT systems. Two systems (pvr/uNGL and
PVT/GL) were tested outdoors, consisted of pc-Si pv modules and heat
exchanger of copper sheet with copper pipes.

Design concepts, prototypes and test results for water and air-cooled pvr

systems with and without additional glass cover were presented by
Tripanagnostopoulos et al. (2002). An experimental study of facade-integrated
photovoltaic/water-heating system was done by chow T.T. (2006). This work
describes an experimental study of a centralized photovoltaic and hot water
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Figure 1: Sectional view of PVT/dual solar systems (Tripanagnostopoulos et al.
2007), with (a) the thin metallic sheet (TMS) modification, (b) fins on opposite
to air channel wall (FIN) modification and (c) the combination of TMS with ribs
on opposite air channel wall (TMS/RIB).

collector wall system that can serve as a water pre-heating system. Collectors are
mounted at vertical facades. Different operating modes were performed with
measurements in different seasons. Nafural water circulation was found more
preferable than forced circulation in this hybrid solar collector system. The
thermal efficiency was found 38.9% aI zero reduced temperature, and the
corresponding electricity conversion efficiency was 8.56%, during the late
summer of Hong Kong.

Three alternative modes of placing the water heat exchanger (Fig.l) inside
the air channel were tested by Tripanagnostopoulos et al. (2007), with the water
heat exchanger at PV rear surface giving the best results for the combined water
and air heat extraction. For the improvement of air heat extraction, three low cost
modifications that increase the heat exchange surface in the air channel were
tested to determine system performance. In this study a new type of PVT
collector with dual heat extraction operation (PVT-Dual), with water and air
circulation is presented.

From literature survey and the aspects for the studies, technologies and
improvements of hybrid PVT solar systems show the perspectives and limitations
of these new solar energy devices. The PVT/water collectors can effectively
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operate in all seasons, mainly for application at locations in low latitudes or

marginally in medium latitudes to avoid freezing. On the other hand, the PVT/air

collectors can effectively operate mainly at locations of medium and high

latitudes without freezing problems, but for low latitude applications in the

summer period with the high ambient temperatures PV cooling by the circulating

air is less effective. A combination of both the heat extraction modes in one

device could possibly overcome the limitations of the two PVT type collectors.

Based on this principle, a new type of PVT collector with dual heat extraction

operation (PVT/dual) either to heat water or to heat air depending on the weather

conditions and building needs, was investigated (Tripanagnostopoulos et al.,

2001) .
From literature review, it is clear that many researches have been conducted

in hybrid PVT system using air or water as a heat carrier fluid. But only few

work has been done on the PVT/dual (Both air and water) system. As both the

heat carrier fluids are used here, there are various aspects in designing the fluid

channels with proper contact with the PV panels. From the work of

Tripanagnostopoulos et al. (2007) the combination of TMS with ribs on opposite

air channel wall (TMS/RIB) (Fig.1 c) has given better thermal efficiency than the

other two. Performance study was undertaken with this system and more

modifications in the air channel were done. The position of the water heat

exchanger was also changed and settled in the middle of air channel with the

TMS. This present work of performance study of Hybrid Photovoltaic Thermal

(PVT) dual solar systems using different ribbed surfaces placed opposite to the

air channel wall was carried out by Karim M.R. (2010). Four PVT collectors

having three different ribbed plates (Triangular, Semicircular, and Square) and

one flat surface opposite to the air channel wall were studied.

2 EXPERIMENTAL SETUP

The experimental setups mainly consist of a hybrid PVT system and storage

tanks. Hybrid PVT system consists of a collector and a PV cell. The collector is

fabricated in a wooden box of 100x67x21 cm. The inner part of the box is

insulated using glass wool. At the inner bottom surface of the box, ribbed surface

is placed. The TMS is placed at the middle part of the box on top of which a set

of copper pipes of diameter l.25cm are installed adjacent to the TMS for water

circulation. The schematic diagram of the test section is shown in Fig.2.

The TMS and RIB's are made of Gl Sheet and they are painted black.

Polycrystalline-Silicon (pc-Si) PV panels are used with a rating of 50 watts and
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Figure 2: Schematic diagram of the experimental system.

0.45 m2 aperture area having approximate dimensions of 83.9x53.7x0.5 cm.The

PV panels are set at the top of the setup. Details of PVT system are shown in

Fig.3. It is located in a place where there is no obstacle to sunshine and faced

towards south with an inclination angle of 23.50 which is the appropriate angle to

collect maximum available radiation in Bangladesh.

3 TEST PROCEDURES

All storage tanks are charged early in the moming with fresh water every

day. Temperatures are measured for PV panel (Tpy), Water heat exchanger
(Twnx),Inlet and Outlet of water (1"i and Ts), Air in the channel (7,i,) and the rib

temperature (T,x) in air channel by using ten S.W.9 Chromel-Alumel

thermocouples. Positions of all thermocouples are shown in Fig.4. Selector

switches are used to switch among the thermocouples.

Ambient temperatures (To^n), solar radiation (O are taken hourly starting
from 8 AM up to 5 PM every day. All readings are recorded in data sheets.

4 RESULTS AND DISCUSSION

Using gathered data in the month of February and March, 2010 from the
experimental investigation of four different types of hybrid PVT systems, typical
curves are plotted. PV panel temperature (Tpy),Water heat exchanger surface
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Figure 3: Details of PVT system where circles highlighting the interior with (a)
rectangular, (b) semi-circular/sinusoidal and (c) triangular ribs.

Figure 4: Positions of thermocouples for measuring temperatures at different
points; (a) PV panel temperature, (b) Water inlet and outlet temperature, (c)

Water heat exchanger temperature, (d) Air channel temperature and (e) Ribbed

surface temperature.
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Figure 5: Typical distribution of PV panel temperatures.

temperature (Twux), Outlet temperature of water (7,), Air temperature in the air

channel (7,;,) and the ribbed surface temperature (7,;6) in the air channel are
plotted against time. These are presented from Figs.5-8.

Typical temperature distribution of PV panels (Tpr) of different systems is

shown in Fig.S.

As the PV panel receives the solar energy directly on top of the system, panel

temperature rises very rapidly with time. PV panel temperature rises from 8 AM
to 12 noon and then decrease around 2 PM rapidly. In an intense sunny day of
March, the maximum temperature of PV panel is found to be 640C for flat plate,

6l0C for semicircular, 62.50C for triangular and 630C for square plate

respectively.

Water heat exchanger surface temperature (Twax) distributions of different
systems with time are shown in Fig.6. Water heat exchanger with TMS is placed

below the PV panel at the middle section of the system. Heat energy is absorbed
here from the PV rear surface and water is heated flowing through it. In an

intense sunny day of March, the maximum temperature of WHX is found to be
44.50C for semicircular rib against a PV temperature of 610C. Maximum

temperature is found to be 440C for triangular, 420C for square and 430C for flat
plate.
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Typical distributions of Water outlet temperatures (f,) of different systems are

shown in Fig.7. Water is one of the heat carriers for these hybrid PVT systems
and its temperature is raised by taking absorbed heat from the heat exchanger.
The maximum temperature of water is found to be 43.50 C for semicircular. 43oC
for triangular, 420C for square and 400C for flat plate system in an intense sunny
day of March. Temperature of the water in supply line varies from 230 C to 260 C.
The maximum tr:mperature rise is found to be around 200C using hybrid PVT
system.

Distribution o, air temperatures in the air channel of different systems are
shown typically in Fig.8. As mentioned earlier air is the other heat carrier for
these hybrid PVT systems. As natural circulation of air is preferred, air flow
inside the channel is found to be insufficient for heat extraction.

As a result, the air temperature inside the channel is found to be only a few
degrees above the ambient temperature and sometimes remains same.

Thermal efficiency (4fi regarding water is compared as a function of /T/G
(K W' n'; shown in Fig.9. lT is the temperature difference between the inlet
fluid (?l) and the ambient (7,^).

Efficiency of systems with triangular rib, semicircular rib, square rib and flat
plate are found to vary from 55%o to 69yo, 49oh to 660/o, 44Yo to 57oh and 35o/o to
50olo respectively. Thermal efficiency found by Tripanagnostopoulos (2007) for
PVT system varied from 45o/o to 620/o. The average efficiency from all calculated
values is found to be 59o/o for triangular rib, 57%o for semicircular rib, 50o/o for
square rib and 4l%o for flat plate system.

The range of efficiency varies with the operating temperature of the system.
The thermal efficiency of PVT/dual system for water heat extraction is extended
in negative /T/G axis, as some experiments have been performed for ambient
temperature being higher than the water temperature at system inpfi (Ta > Ti).

Electrical efficiency (rt,) of the system compared with the PV panel

temperature is shown in Fig.10. Efficiency of triangular rib, semicircular rib,

square rib and flat plate system is found to vary from 8% to l4%o.
Although no significant difference is found in electrical efficiencies of the

four systems, the systems with triangular rib and semicircular rib have given

better electrical output. Electrical efficiency found by Tripanagnostopoulos
(2007) for PVT system also varied gyo to 1506, which is very close to the systems
studied here. The rated efficiency of the used PV panels (q"r= 10-15%) is also
comparable with the present r':sults.
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Figure 6: Typical temperature distribution of water heat exchanger.

Figure 7: Typical distribution water outlet temperatures.

Joumal of Engineering and Technology Vol. 9, No. 1, 2011 25

il6

u

4t

rto

so
td ,u

34

12

m

e8

t/ --+ 

|x
. ____ . - -+ . - . . _ . . - - - . . - . . . __ l

E:loOAM 9::OOAM loi:GoAl,l Llt$ottol l2r:00 l.iloo Fl$ Z;:mFl* 3:fOPM 4:i00PM 5::fQpM
noon

Tlm€, hour

-/t Tr*fi*rrlilN

,..t- 9**drcubf

-.?-l+Fe

-+rFrbts{ite



F

no

l l

5b

59

3{

33

3t

39
8::00AM 9::00AM 10:;OOAM11::004f* 12::OO l:{jOPM ?::30PM l:363a{ l::OOPt, 5;:{tGPll

ffi

Tlmr, hour

Figure 8: Typical distribution of air temperatures in channel.
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Figure 9: Comparison of thermal efficiencies of all four systems.
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Figure 10: Comparison of electrical efficiencies of all four systems.

CONCLUSIONS
From this study, the following conclusions may be drawn:

(i) Water and air temperatures increase with increasing of PV panel

temperafure and reach a maximum value at a maximum PV

temperature around noon. A11 temperatures then decrease slowly with
the ambient temperature.

(ii) The energy absorbed in the system from 8AM to 12 noon is higher

than that absorbed in the afternoon for all systems, tested in this study.

(iii) Average water and air temperature rise is found to be better in
triangular and semicircular ribbed surface than those of surfaces with
square rib and flat plate. System with square ribbed surface shows

Journal of Engineering and Technology Vol. 9, No. 1, 2011



better performance than that of flat plate but its average performance is
lower than those of triangular and semicircular ribs.

(iv) Thermal efficiency is found to be the best in the system with triangular
ribs among all systems tested in this study maintaining similar
experimental conditions (AT/G). Efficiency of a semicircular rib, a
square rib and a flat plate is also found to be satisfactory within the
range of experimental conditions.

(v) Electrical efficiency is found to be similar in all four systems studied
here and it is found to be in the range of 8-l4o/o. Efficiency of
triangular rib and semicircular rib system is found to be better than
those ofothers.

(vi) PVT/dual system can be used either to heat water or to heat air
depending on the weather conditions and building needs. The water
heat extraction part could operate in all conditions of ambient
temperatures except freezing while the air heat extraction part would
operate mainly when the ambient temperature is low.

NOMENCLATURES

Au aperture Area, m2
Ce specific heat at constant pressure, J/Kg.K
G incoming solar radiation, W/m2
K thermal conductivity, Wm.K
m mass flow rate, Kg/s

Quu heat energy absorbed, Wm2
Tpv PV module temperature, oC

Twux water heat exchanger temperature, 0C

T1 input fluid temperature, oC

To output fluid temperattre,oC
Tu-b ambient temperature, oC

Tui. air temperature in channel, 0C

Trib ribbed surface temperature, 0C

AT temperature difference, (T1- Tu.6), 0C

AT* temperature difference of water, (T" - Ti), 0C

11, thermal efficiency ( Itr,: m Co (T" - Ti) / A" G)
I. current at maximum load, Ampere
V. voltage at maximum load, Volt

I"r electrical efficiency ( I"r: I.V. / A"G )
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