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Article presents an experimental investigation for the comparison of thermal performance 

of three different configurations flat plate solar collector. These flat plate solar collectors 

consist of glass cover and aluminium absorber plate which is painted with black paint. The 

edge and bottom surfaces are thermally insulated with a polystyrene layer for the first 

configuration, a polystyrene layer covered with a sheet of aluminium paper for the second 

one and a polystyrene layer covered with a sheet of aluminium paper and containing 

baffles for the third configuration. In this experiment, thermal efficiency of flat plate solar 

collector integrated with baffles was studied and compared with the two ordinary flat plate 

collectors. The results showed that integrating flat plate solar collector with baffles 

significantly increased the thermal efficiency of the system. It was noted that a mean 

thermal efficiency is 20.3 %, 29.8 % and 35.1 % for the first, second and third 

configuration, respectively. The results show a maximum temperature rise of 23.5 °C, 

31.6 °C and 34.6 °C with respect to the inlet air temperature, for the first, second and third 

configuration, respectively. Baffles improve the thermal performance of the flat plate solar 

collector by increasing the outlet temperature. 
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1. INTRODUCTION

The flat plate solar collectors are special kind of heat 

exchangers that transfer heat energy from incident solar 

radiation to the working fluid. They perform three functions, 

absorbing solar radiation, converting it to heat energy, and 

transferring the energy to a working fluid passing through the 

collector duct [1]. The flat plate solar collectors are 

considered to be simple devices consisting of one transparent 

cover situated above an absorbing plate with the air flowing 

under absorber plate and thermal insulation which resists 

back and rear side heat losses. They are used to deliver 

heated air for space heating, crop drying, and similar 

applications requiring air at a low-to-medium temperature. 

However, the main drawback of flat plate solar collectors is 

the low heat transfer coefficient between the absorber plate 

and the working fluid due to poor thermal conductivity and 

low heat capacity of air [1-2]. 

In order to improve the thermal performance of the flat 

plate solar collector, several designs and different methods 

have been suggested to increase the rate of heat transfer 

between working fluid and absorber plate. Ramesh et al. [3] 

researched on solar air collectors with baffles to favour heat 

transfer. The researcher carried out a project concerning solar 

air collectors and various techniques to increase the heat 

transfer coefficient between the air and the absorber such as a 

fixation of small wings to the absorber, the manner in which 

the airflows in the absorber, the shape of the collector and 

those of it inlets and outlets. Kasra and Sabzpooshani [4] 

studied the thermal assessment of solar air heater by using 

fins and baffles. They have suggested three different cases to 

evaluate the performance of energy analysis. The results were 

found that fins and baffles are enhanced their efficiency 

considerably. Hakan et al. [5] studied the methods of 

performance and efficiency improvement of different 

collectors using energy and exergy analysis. They found that 

applying obstacles can improve efficiency in comparison to 

simple ones. Nowzari and Aldabbagh [6] investigated 

experimentally the thermal performances of single and 

counter flow solar air heaters with a normal cover and with 

quarter and half perforated covers. In this work, on two of the 

perforated covers, the holes were made in the first quarter at 

the top side of the covers. As for the other two covers, half of 

the cover area on the top side was perforated. Chabane et al. 

[7] presented the experimentally thermal performance of a

single pass solar air heater with fins attached. Longitudinal

fins were used on the underside of the absorber plate to

increase the heat exchange and render the flow fluid in the

channel uniform. The effects of mass flow rate of air on the

outlet temperature, the heat transfer in the thickness of the

solar collector and thermal efficiency were studied. Bakari

[8] presented an experimental analysis for comparisons of

conventional flat plate solar collectors and collectors

integrated with different numbers of baffles. Heat transfer

between absorber plate and drying air has been one of the

major challenges in the design and operations of the indirect

solar dryer systems. Aissaoui et al. [9] developed a

mathematical model for simulating the influence of fins and

baffles on the thermal performance behaviour of single pass

solar air collector system working in forced convection. Due

to the lack of theoretical work in the case of single pass solar

air heaters having artificial roughness, they have proposed a
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theoretical model which consists of dividing the collector 

into several differential elements along the panel. Shemelin 

and Matuska [10] presented a theoretical analysis of flat plate 

solar collectors with a vacuum glazing. Different 

configurations of the collector have been investigated by a 

detailed theoretical model based on a combined external and 

internal energy balance of the absorber. Performance 

characteristics for vacuum flat plate collector alternatives 

have been derived. Jahed and Ajabshirchi [11] studied 

experimentally the effect of obstacles on efficiency of flat 

plate air solar collector. They show that the average 

temperature of the simple absorber plate collector was higher 

than the collector with obstacles, while the efficiency of the 

collector with obstacles was found to be higher than the 

simple collector’s efficiency.  

However, there are not enough works which are carried 

out on the thermal performance of flat plate solar collector 

integrating baffles and whose the thermal insulator is covered 

with a sheet of aluminium paper. Thus, the main objective of 

this study is to improve the thermal performance of flat plate 

solar collector using baffles mounted on the thermal insulator 

covered with an aluminium paper sheet. Also, the study 

focuses on the comparison of the thermal performance of 

three flat plate solar collectors’ configurations, identical in 

design, fabrication, and operating under the same conditions. 

The flat plate solar collector considered to be a simple device 

consisting of one transparent cover situated above an 

absorbing plate with the air flowing under absorber plate. 
 

 

2. MARERIAL AND METHODS 

 

2.1 Description of the flat plate solar collector 

 

The flat plate solar collector used in this study is the 

collector of an indirect solar dryer. The indirect solar dryer 

has been designed and constructed at the Laboratory of New 

and Renewable Energy at the Polytechnic Institute of 

Yamoussoukro, Côte d’Ivoire. As shown in Fig. 1, the 

indirect solar dryer consists mainly of a solar air collector 

system and a drying chamber containing tree rectangular 

trays of 95 cm x 106 cm dimensions and a flux diffuser of 97 

cm x 106 cm dimensions. The flux diffuser is a performed 

surface through which the hot air arriving from the solar 

collector passes and exiting through the holes creates a 

uniformly distributed flow. The solar air collector system was 

used to produce thermal energy for drying. The solar air 

collector consists of glass cover and aluminium absorber 

plate which is painted with black paint in order to increase 

the absorption for the global solar radiation beam and diffuse 

light [12]. It is tilted to an angle of 7° with respect to 

horizontal surface. The solar air collector has a useful 

collector area of 2 m2, and a channel size of 2.5 cm high. The 

edge and bottom surfaces are thermally insulated with 

polystyrene of thermal conductivity of 0.036 W/mK. 
In order to improve the thermal performance of the flat 

plate solar collector, three configurations identical in design 

and fabrication were realized. 

- First configuration (Fig 2.a): The edge and bottom 

surfaces of flat plate solar collector are thermally insulated 

with a 5 cm thick polystyrene layer.  

- Second configuration (Fig 2.b): The edge and bottom 

surfaces of flat plate solar collector are thermally insulated 

with a 5 cm thick polystyrene layer covered with a sheet of 

aluminium paper. 

 - Third configuration (Fig 2.c): The edge and bottom 

surfaces of flat plate solar collector are thermally insulated 

with a 5 cm thick polystyrene layer covered with a sheet of 

aluminium paper on which baffles are mounted. The baffles 

have a length of 50 cm. 

Baffles disrupt the flow of fluids and can be used for 

changing the flow direction at any point. The baffles provide 

an additional heat transfer surface area and promote air 

turbulence in the collector. The presence of baffles causes the 

air flow to separate, reattach and create a reverse flow which 

increasing the heat washing action. The main concept of 

integrating collector with baffles is to reduce dead zones and 

increase heat transfer area [8]. 
 

 
 

Figure 1. Picture view of indirect solar dryer 

 

 
(a) 

 
(b) 
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(c) 

 
Figure 2. Configurations of flat plate solar collector 

 

2.2 Instrumentation 

 

During the experimental process, the total incident solar 

radiation was measured using a pyranometer Kipp and Zonen 

CM 10. This meter was placed adjacent to the tranparent 

cover, at the same plane. Type K thermocouples constituted 

by the couple of conductor (Nickel 10% Chrome (+)/Nickel 

5% Aluminum (-)) were used for measurement of the 

temperatures inside the flat plate solar collector. The data 

acquisition was carried out manually using a Voltcraft PL-

120-T2 digital thermometer. Indeed, four thermocouples 

were positioned evenly, on the top surface of the absorber 

plates, at identical positions along the direction of flow, for 

the three configurations of collectors. Inlet and outlet air 

temperatures were measured by two well-insulated 

thermocouples, while a thermocouple placed midway in the 

air passage section measures the air temperature in the 

collector. 

 

2.3 Basic theory 

 

The flat plate solar collectors are being used for thermal 

conversion to raise the temperature of fluid flowing through 

the collector. Conversion of solar radiations to thermal 

energy is mainly due to heat transfer coefficient between 

absorber plate and the fluid flowing in the collector. The 

energy gained by the flat plate solar collector during the time 

of the experiment can be expressed as [13–15]: 
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where m
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 is the flow rate of air per unit area of the absorber 

(kg/sm2), Ac is the surface of the flat plate solar collector 

(m2), H0 and Hi are the outlet and inlet enthalpy variation of 

the flat plate solar collector (kJ/kg), respectively and t is the 

time.  

The thermal efficiency of the flat plate solar collector can 

be calculated as: 
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The surface of the flat plate solar collector being constant, 

the Eq. (2) can be rewritten as: 
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where G is the total solar energy received by the flat plate 

solar collector during the time of the experiment (kJ), It is the 

instantaneous solar radiation incident on the tilted surface of 

the flat plate solar collector (W/m2). 

The rate of useful energy of the flat plate solar collector 

can be also expressed by using overall heat loss coefficient 

and the collector temperature as [8, 16]: 

 

 ( ) ( )u in loss c t L c amq q q A I U T T= − = − −  

 
where qin and qloss are the total energy received and lost by 

the flat plate solar collector, respectively, UL is the overall 

thermal loss coefficient of the flat plate solar collector, Tam is 

the ambient temperature, Tc is the absorber temperature, α is 

the solar absorptance of the absorber and τ is the solar 

transmittance of the transparent cover. 

Since it is difficult to define the absorber average 

temperature (Tc), it is convenient to define the collector heat 

removal factor (FR) that relates the actual useful energy 

gained of a flat plate solar collector to the useful gained by 

the working fluid. This collector heat removal factor (FR) is 

expressed by [8, 16]: 
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The instantaneous thermal efficiency of the flat plate solar 

collector is obtained by dividing the useful energy gained by 

the working fluid by the incident radiation. 
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Plot between instantaneous efficiency of the solar 

collector and temperature rise parameters (Ti – Tam)/It is 

represented by straight line if overall loss coefficient UL, heat 

removal factor FR and transmittance absorptance product (τα) 

are constants. The y-intercept and the slope of the straight 

line (represented by Eq. (6)) yields the values of FR(τα) and 

FRUL, respectively.  
 
 

3. RESULTS AND DISCUSSION 

 
Performance and testing of a flat plate solar collector of an 

indirect dryer were carried out in Yamoussoukro at 6.58° N 

latitude and throughout a sunny day. The daily irradiation of 

this sunny day is 6073.1 Wh/m2. During the experiments, the 

following measurements were carried out on daily basis: 

global flux received by the flat plate solar collector, total 

daily irradiation, ambient temperature and temperatures in 

various points of the three configurations of the system 

studied. These basic physical parameters are reported in order 

to determine and compare the thermal performance of the 

(2) 

(3) 

(4) 

(5) 

(6) 
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three configurations of the flat plate solar collector. 

Figure 3 shows that the  ambient temperature (Tam) and 

the instantaneous solar flux increase gradually to reach a 

maximum value before decreasing. The recorded maximum 

ambient temperature is 39.1 °C at 12 h 20 min with a 

maximum instantaneous solar flux of 1075 W/m2. In general, 

the ambient temperature and the instantaneous solar flux 

fluctuate in the same direction. They reach their maximum 

and minimum value at the same time of day.  

 

 
 

Figure 3. Variation of the ambient temperature and 

instantaneous solar flux versus time 

 

 
 

 

Figure 4. Variation of the air temperature in flat plate solar 

collector versus time 

 

Figure 4 shows the variation of the air temperature in the 

flat plate solar collector for the three configurations. This 

figure 4 clearly shows that the air temperature in the flat plate 

solar collector for the three configurations is varying with 

respect to the instantaneous solar flux as reported by Vijayan 

and Arjunan [17]. The maximum value of the air temperature 

in the flat plate solar collector is observed as 65.7 °C, 70.8 °C 

and 72 °C for the first, second and third configuration, 

respectively during the peak sunshine hours, around 13 h. As 

it can be seen in this figure 4, the highest air temperature in 

the flat plate solar collector was achieved by the third 

configuration of the flat plate solar collector, whereas the 

lowest value was obtained from the first configuration. 
 

 
 

Figure 5. Variation of absorber temperature versus time 

 

 
 

Figure 6. Variation of air temperature differnce between the 

outlet and inlet versus time 

 

 
 

Figure 7. Variation of  thermal efficiency versus 

time 

 

Figure 5 presents the variation of the absorber 

temperature for the three configurations of the flat plate solar 

collector, according to the time. It is noticed that the three 

curves have the same profile. This profile is similar to that of 

the instantaneous solar flux and that the variations in 

absorber temperatures are very sensitive with respect to its 

disturbances as reported by Vijayan and Arjunan [17] and 

Aoues et al. [18]. The maximum value of the absorber 
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temperature is observed as 83.6 °C, 91.3 °C and 95.4 °C for 

the first, second and third configuration of the flat plate solar 

collector, respectively during the peak sunshine hours, 

around 13 h. The highest absorber temperature was achieved 

by the third configuration of the flat plate solar collector, 

whereas the lowest value was obtained from the first 

configuration. 

Figure 6 shows the variation of the air temperature 

difference between the outlet and inlet, ∆T = T0 - Ti, versus 

the time for the three configurations of the flat plate solar 

collector. It is found that the third configuration of the flat 

plate solar collector reaches a higher ∆T than the two others 

configurations. The maximum temperature difference 

obtained was 23.5 °C, 31.6 °C and 34.6 °C for the first, 

second and third configuration, respectively at 12 h and air 

mass flow rate of 0.024 kg/s. This can be explained by the 

fact that the baffles forced air to take longer meandering 

trajectory than the normal length of the flat plate solar 

collector. The air passes onto the warm wall of the absorber 

surface which resulted in good heat transfer and a 

considerable increase in outlet temperature [8]. The outlet 

temperature is the most important in the calculation of the 

flat plate solar collector thermal efficiency. Increasing of the 

outlet temperature leads to increasing of thermal efficiency of 

the flat plate solar collector [19-20]. Similar results exist in 

the literature. Aldabbagh et al. [21] investigated a single-pass 

solar air heater with 10 wire mesh layers in a channel with a 

high of 10 cm, and the maximum value of ∆T obtained was 

27 °C at air mass flow rate of 0.012 kg/s. Nowzari and 

Aldabbagh [6] investigated a counter-flow collector with a 

normal plexiglas cover, and the maximum value of ∆T 

obtained was 34.8 °C at air mass flow rate of 0.011 kg/s. 

Figure 7 illustrates the variation of the thermal efficiency 

with the time for the three configurations of the flat plate 

solar collector. It can be noted that from this figure 7 that the 

thermal efficiency of the third configuration is higher than 

those of the two others configurations. The average thermal 

efficiency determined using Eq. (3) was 20.3 %, 29.8 % and 

35.1 % for the first, second and third configuration of the flat 

plate solar collector, respectively at air mass flow rate of 

0.012 kg/s. Similar results exist in literature. Indeed, Vijayan 

and Arjunan [17] studied the thermal performance of indirect 

forced convection solar dryer with the air mass flow rate of 

0.058 kg/s, and the thermal efficiency of the collector is 

observed in the range of 20 % to 32 %. Aissaoui et al. [22] 

presented an experimental and theoretical analysis on thermal 

performance of the flat plate solar air collector, and the 

thermal efficiency of this collector is observed in the range of 

22.5 % to 40 % at air mass flow rate of 0.1324 kg/s. Bakari 

[8] studied the thermal efficiency of air flat plate solar 

collector with different numbers of baffles. He obtained a 

thermal efficiency between 28.9 % and 33.7 %.  

 

 
 

Figure 8. Variation of thermal efficiency versus (Ti – Tam)/It 

 

Table 1. Thermal efficiency equation and physical characteristics of flat plate solar collector 

 
Configurations Thermal efficiency equation FR(τα) FRUL FR UL r2 

First 0.282 6.848 i am

t

T T

I


−
= −  0.282 6.848 0.363 18.865 0.994 

Second 0.394 9.321 i am

t

T T

I


−
= −  0.394 9.321 0.507 18.385 0.998 

Third 0.478 10.730 i am

t

T T

I


−
= −  0.478 10.730 0.615 17.447 0.995 

 

Therefore, it’s clear that the thermal efficiency of the flat 

plate solar collector depends significantly on the air mass 

flow rate and the solar radiation. In addition, the introduction 

of baffles improves the thermal performance of the flat plate 

solar collector by the increase of the outlet temperature. 

Figure 8 illustrates the variation of the instantaneous 

thermal efficiency versus (Ti – Tam)/It for the three 

configurations of the flat plate solar collector. This figure 8 

reveals that increasing the collector performance coefficient, 

(Ti – Tam)/It, leads to a decrease in the instantaneous thermal 

efficiency. The experimental values fitted into a straight line 

by the last square fitting method allow obtaining the thermal 

efficiency equations given in Table 1. A comparison of the 

collector heat removal factor values, FR, shows that the third 

configuration of flat plate solar collector achieves a 

significant improvement in the thermal efficiency. The heat 

removal factor is a vital parameter in determining the thermal 

efficiency of a flat plate solar collector. As a main factor of 

thermal performance, FR represents the ratio of the actual 

heat transfer to the maximum yield of heat transfer. 

 

 

4. CONCLUSION 

 

In this research work, three different configurations of the 

flat plate solar collectors were tested and their thermal 

performance was compared. The following conclusions can 

be derived: 
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The thermal efficiency of the flat plate solar collector 

depends significantly on the air mass flow rate and solar 

radiation. 

The highest flat plate solar collector thermal efficiency and 

the rise of air temperature difference between outlet and inlet 

were achieved by the third configuration where the edge and 

bottom surfaces of flat plate solar collector are thermally 

insulated with a 5 cm thick polystyrene layer covered with a 

sheet of aluminium paper on which baffles are mounted. 

The thermal efficiency values at the air mass flow rate of 

0.024 kg/s were 20.3 %, 29.8 % and 35.1 % for the first, 

second and third configuration of flat plate solar collector, 

respectively. 

It can be seen that baffles reduce air space channel situated 

between the insulator and the absorber and increase the 

friction with the contact surfaces all of which increases the 

thermal performance of flat plate solar collector. 
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NOMENCLATURE 
 

Ac  surface of the flat plate solar collector, m2 

Cp  Specific heat, J.kg-1.K-1 

FR  collector heat removal factor 

G  total solar energy received, kJ 

H  enthalpy variation, kJ.kg-1 

It  instantaneous solar radiation incident, W.m-2 

m
•

  flow rate of air per unit area, kg.s-1.m-2 

qin  total energy received, kJ 

qloss total energy lost, kJ 

qu  useful energy, kJ 

T  temperature, °C 

t  time, s 

UL  overall thermal loss coefficient, W.m-2.K-1  

 

Greek symbols 

 

α  solar absorptance of the absorber   

η  thermal efficiency 

τ  solar transmittance of the transparent cover  

 

Subscripts 

 

am  ambient 

c  absorber 

i  inlet 

o  outlet 
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