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Abstract: In the current study, we developed and tested a new type of
solar collector named W-shape solar collector. It is a solar collector with
single air pass between the transparent cover and the absorber. The cover
has double glass whereby the upper glass is flat and the lower glass is w-
shape. The absorber is also W-shape. This combination gave rise to an
undulatory airflow circulation in the new collector. This modular solar
collector allowed the functioning of several configurations of flat plate
solar thermal collector. After realization of the prototype, an experimental
characterization was done during a natural period of sunshine in the town

Email: edounmarcel@yahoo.fr of Ngaoundere between November and December 2016. It consisted in
characterizing the solar radiation, the input/output temperatures of the
solar collector, the temperature of the absorber and the air velocity
profile. During the experiments, the solar collector was directed facing
the south and tilted either by 45° or by 30° compared to the horizontal
plan. Temperature profile analysis showed at noon sun and air velocity of
0.3 m/s, the outlet air temperature of the w-shape solar collector gives
75°C while that of the flat collector gives only 60°C. Nevertheless, the
temperature of the flat absorber was higher than that of the W-shape
absorber. This allowed us to conclude that the convection heat transfer
coefficient of the W-shape solar collector improved than the flat solar
heat collector. Also the efficiency profiles highlight the positive
contribution of the W-shape in the improvement of the thermal
performances of a solar collector.
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and thirdly by using artificial roughness and in various
configurations to create turbulence airflow near wall.
Many solar collectors with porous absorbers (sheet
steel spread in crushed stitch, crushed selective glass and
liquid plastic foam) were designed and experimented
(Rauzier, 1980; Olimat, 2017). Their efficiencies are
15% higher than the traditional collector (not porous
sheet steel with passage of air between the sheet steel

Introduction

Flat plate solar air heaters are simple in design and
construction. He transforms solar radiation into thermal
energy extracted by the fluid which circulated inside the
collector. In agro-industries these collectors are
frequently used in the field for drying, cooking or
distillation process. These converters have a low

convection heat transfer coefficient between the absorber
plate and flowing air inside the collector. This is
essentially due to the low thermo-physical properties of
air (Amer et al., 2010). The performances of these
systems can be improved, firstly, by optimizing the
convective heat transfer coefficient between the plate
absorber and the air, secondly, by reducing heat losses
through the various components of the solar collector
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and the glass). Djomo in 1999 uses the combination of
two materials to create the cover of the collector and
shows that the efficiency on the new model reaches 45%
with an outlet air temperature at 70°C. In 2005, a triple
glass cover was introduced into plate solar collectors
(Youcef-Ali, 2005). These works revealed that the
collector with double-glass offers a thermal performance
lower than that of the triple glass. In 2014, Ihaddadene et
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al., presented a study concerning the effect of distance
between two glasses on the performance of a thermal
solar collector. They concluded that the efficiency of the
double-glass solar collector decreases with the increase
of the distance separating both glasses. Comparative
studies on single and double air pass inside the solar
collector have been studied (Labed et al., 2009;
Mahmood et al., 2015). The best efficiencies were
observed in the case of double air pass. The influence of
the position of the absorber inside the collector was also
highlighted (Amer et al., 2010). The mix position of the
absorber provided an outlet temperature with natural
convection exceeding 98°C and in forced convection
around 70°C. The use of an inert gas (Argon, Xenon ...)
instead of the air between the absorber and the glass
cover permits the reduction of the heat losses to about 20
% (Vestlund et al., 2009).

To improve the convective heat transfer coefficient
inside the solar collector, numerous researchers suggested
firstly to increase the path traveled by heat transfer fluid in
the collector and secondly the introduction of artificial
roughness inside the airflow circulation (EI-Sebaii et al.,
2011; Garcia et al., 2011; Visa et al., 2015; Han et al.,
1985; Han et al., 1991; Lau et al., 1991; Gao and
Sunder, 2001). Artificial roughness in form of fine wires
(Prasad and Mullick, 1983), transverse small diameter
wire as roughness element (Prasad and Saini, 1988),
roughness height and angle of attack (Gupta et al., 1993)
has been tested inside solar air heater. Momin et al.
(2002) investigated effect of geometrical parameters of
V-shaped rib roughness and showed that the maximum
thermo-hydraulic performance occurred for 60°. The
effect of transverse, inclined, V continuous and V-
discrete pattern ribs on heat transfer enhancement was
carried out by Karwa (2003). The result showed that V-
down arrangement gave best heat transfer performance.
Han et al. (1991) studied square channel with V, parallel
and crossed ribs. Results reported that V-shaped rib
performed better than parallel rib and also better than
crossed rib. V-shaped rib produced highest heat transfer
augmentation but generated greatest pressure drop.
Crossed ribs produced lowest heat transfer enhancement
and smallest pressure drop penalty. In summary,
literature reveals that inclined and V-ribs give significant
enhancement in heat transfer as compared to smooth
plate. The artificial roughness contributed positively to
the improvement of the thermal performances of solar
collector but they produce a considerable pressure
(Kabeel et al., 2016). Furthermore, the transparent cover
whether it was for single, double or triple glass always
remained flat. Most of the investigations carried out so
far have applied artificial roughness or various forms on
absorber and have not oriented the variation of the form
of the solar collector cover.

Hence the present investigation has been taken up
with objective of study a new form of solar collector
cover: W-shaped cover. We have focused our attention
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on design and experimental characterization of the
thermal performance of a new solar collector with a W-
shape cover form.

Materials and Methods
Description of Experimental Device
W-Shape Glass Model

To contribute to the increase turbulence and the
transfer coefficient between internal wall and the air, the
second glass and the absorber were made in W-shape
form (Fig. 1). This form established obstacles to the
current of air with consequence then creating an
undulatory airflow.

Experimental Instrument

The measurements were made between February and
April 2018 with the present solar collector. To evaluate
global solar irradiation, air velocity, temperature and
humidity, we used respectively a digital solar meter
(Velleman DVM8090), an anemometer with helixes
(Almemo FVAD 15S120 R1E4), six thermocouples
(type K) and a hygrometer (Almemo ZAD936 RAK)
recpectively. Every 30 minutes, by using the Almemo
data acquisition, these parameters were automatically
recorded (Almemo 2590). Three configurations can be
tested using the new solar collector: Flat plate, semi W-
shape and W-shape solar collector (Fig. 2).

Evaluation of Thermal Performances

To evaluate the thermal performances, the inlet air
temperature is supposed to be equal to the ambient
temperature and the absorber temperature is considered
constant. The thermal power of collector is evaluated
using Equation 1:

Q,=mC,(T,-T,) (1)
According to Eiamsa-ard and Promvonge (2006):

Q, = Qe )

It Quo =My (T =T ) ®)

Thus, the heat transfer coefficient between the
absorber and the air is given by Equation (4):

Q
col =— (4)
AT
The global solar irradiation G* being determined
through measurement, the global efficiency of solar
collector is evaluated by application of Equation 5
(El-Sebaii et al., 2011):
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_mC,(T,-T,) 5) After evaluation of the lost pressure drop in the solar
T AG collector, the friction factor was determined by application
of Equation 7 as describe by Li et al. (2017):
The lost pressure drops created by the geometry is
calculated using the relation 6: AP

. f= L( v, (7)
AP:ECPSPLQVZ (6) Dh(pZ]
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Fig. 2: Experimental device: (a) flat plate solar collector, (b) semi-W-shape solar collector, (c) W-shape solar collector; Legend: 0:
Pyranometer; 1 and 6: Anemometer; 2: Hygrometer; 3, 4,5: Thermocouples
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Results and Discussion
Representation of Prototype

The prototype Fig. 3 was developed at the Laboratory
Energetic and Applied Thermal process (LETA) of
University of Ngaoundere. It consists of:

A box made of local wood with a thickness of 15
mm, dimensions of 1000x450x170 mm, opened on
the side exposed to solar radiation, on the lateral
side, are openings for input and output of air

A double glass whereby one of the cover has a flat
surface 1000450 mm and the other cover grooved
in the form of saw-shape which cover the housing
and ensures the ‘greenhouse effect” phenomenon

An absorber (flat and grooved) made of black painted
steel sheet which transmits heat to the coolant (air)
Two holes of dimensions 15035 mm for the entry
and exit of air

Environmental Characteristics

Evolution of solar irradiation as a function of time is
represented in Fig. 4a. We observed that the two curves
have a bell shape. This shows the increase and the decrease
of sunlight during the day. Taking the theoretical curve as
reference, we assumed that the experimental curve has an
irregularity in its daily progress. This is due to the
temporary covering of the sky. The solar flux evolves until
1076.4 W.m? for experimental studies and 1032.59 W.m?
for theoretical studies. The solar flux values proved the
sufficiency of sunshine for the performance evolution of the
solar collectors since the American Society of Heating,
Refrigerating and Air-Conditioning Engineers standard
(ASHRAE) standard requires that, for the solar collector
efficacy test, solar radiation must be above 630 W/m?
(Abene et al., 2004). Figure 4b shows the evolution of
global irradiance at ambient temperature and soil

Isolation ?’

temperature during testing. The ambient temperature
increase with sunlight. The average ambient temperature
was 36°C. The Fig 4c represents the evolution of relative
humidity and air velocity at the inlet collector. Under
normal conditions, the air velocity is random. As for
relative humidity, it decreases with an increase of sunlight.

Influence of Collector’s Configuration on the
Temperature Profiles

The curves relating to the evolution of the air
temperature at the inlet and outlet of the collector for the
three configurations studied are shown in Fig. 5. The gap
temperature between the inlet and the outlet is of the order
of 25°C for the flat collector; 30°C for the semi W-shape
collector and 35°C for the W-shape collector. Whatever the
configuration, there is a considerable difference between the
inlet and output temperature. This gap is also a function of
the amplitude of the sunshine. However, the highest output
temperature collectors were recorded for W-shape solar
collector with a maximum of about 77.7°C at 12 o’clock
(local time). This result could be explained by the increase
of the time of air resident in the w-shape collector and on
the other hand by the increase in the convective thermal
exchange coefficient caused by W-shape geometry. These
results are similar with those of literature (El-Sebaii et al.,
2011; Garcia et al., 2011; Handoyo et al., 2016) which
show that the presence of baffles in the air stream improves
the thermal performance of an air solar collector.

Influence of Solar Configuration on Useful Power

For the three types of solar collectors studied, the
experimental results made it possible to evaluate the
useful power recovered by the air (Fig. 6). The highest
values were obtained with the W-shape collector (average
70 W). This is logical because, for this configuration, the
gap between the temperature of the air and that of the
absorber is important compared to the two others.
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Fig. 3: W-shape solar collector; (a) detailed and annotated view; (b) Overview
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Influence of Configurations
Thermal Exchange Coefficient

on Air/Absorber

Figure 7 shows the evolution of heat exchange
coefficient of the flat plate, semi W-shape and W-shape
solar collector. It appeared from the analysis of the
curves that the semiW-shape and W-shape solar collector
had the highest average thermal exchange coefficient
(respectively 5.71 W.m2.°C* and 7.2 W.m2.°C%). But
that of the flat collector was weak and equal to 4.11
W.m2.°C. These results proved that there was a clear
improvement in heat exchange in the collector by W-
shape geometry.

Influence of Configurations on the Instantaneous
Global Efficiency

Figure 8 shows evolution of instantaneous global
efficiency based on configuration. From the analysis of the
curves of this figure, it is noted that the overall efficiency is
around 14% for the planar collector, 17% for the semi W-
shape and 22% for the W-shape solar collector. The W-
shape solar collector shows an improvement in efficiency of
8% compared to the efficiency of the flat solar collector.
This is explained by the fact that the W-shape absorber and

W-shape glass cover has a larger exchange surface and a
long fluid circulation.

Influence of Configurations on Pressure Drop and
Friction Factor

Figure 9 represents the profiles of pressure drops in
the collector. The analysis of the different profiles
showed that the semi W-shape and W-shape collector
generated more pressure drops. This is due to the W-
shape geometry which brought roughness in the
airstream. On the three configurations studied, the W-
shape solar collector with a grooved window and
absorber generated more heat losses compared to the semi
W-shape collector. These losses were approximately 287
Pa, 630 Pa and 690 Pa respectively for flat plate, for semi
W-shape and W-shape solar collector. The results
coincided with that of literature which stated that the
presence of obstacles generated pressure drops and caused
high pumping power (Visa et al., 2015; Kabeel et al.,
2016; Kewou et al., 2018; Benli, 2013).

Considering these losses generated in the collector,
the evolution of friction factor gave a result of 78 for the
flat solar collector, 178 for the semi W-shape solar
collector and 198 for the W-shape solar collector.
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Fig. 7: Evolution of irradiance and air/absorber thermal exchange coefficient with respect to time
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Conclusion

The W-shape solar collector was designed and tested
in ENSAI Laboratory of Energetic and Applied thermal
process. It is a modular solar collector with double-glass
cover. Experimental revealed positive influence of the
geometry of the cover and absorber on the thermal
performance of a collector. It appears that W-shape solar
collector is profitable; during natural convection outlet
temperature of up to 77.7°C, an overall efficiency of up
to 22% and an average heat exchange coefficient
between air and absorber of approximately 7.20
W/m?2.°C higher than that of the flat solar collector (4.11
W/m?2.°C). But the semi W-shape and W-shape collector
generated more pressure drops. This suggests that the
presence of W-shape cover and W-shape absorber
improved heat exchange in the thermal solar collector.
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m Mass air flow (kg/s)

Qconv Thermal flux exchanged between air and absorber (W)
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Qu Thermal Air power (W)

Qv Flow volume of air (m%/s)

S Inlet/outlet section of collector (m?)
Tab Absorber temperature (°C)

Tamb Ambient Temperature (°C)

Te inlet collector temperature (°C)
Ts Average air temperature (°C)

Ts Outlet collector temperature (°C)
\Y Air velocity (m/s)

AP Pressure drops (Pa)

p Volumic mass (kg/m?®)

n Efficiency of the collector (%)
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