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Abstract 

The research study was conducted to test the performance of a flat plate solar thermal collector 

as a drier. A 1.7 m
2
 wooden box was developed, having a volume of 0.50 m

3
, which acted as 

insulation box for the solar thermal collector. In this box a V-corrugated steel sheet was placed at 

the center as an absorber, a 5.00 mm thick glass was used to cover the absorber. The solar thermal 

collector was connected to the drying box, having a volume of 48.50 m
3
. Performance of the solar 

collector was evaluated at seven different convective air flow rates (2.8, 5.8, 8.5, 11.7, 14.2 and 

17.5 kg.min
-1

) from November 2011 to January 2012. The results showed that an increase in air 

mass flow rate significantly (P ≤ 0.001) increased the performance of the solar collector. The 

decrease in performance was also observed with the change of months of year. Drying environment 

was observed inside the drying box connected with the solar collector. The results obtained showed 

that performance of the solar collector was directly affecting the drying conditions inside the drying 

box. The temperature of the drying box for all air flow rates remained in the range of 40-45
o
C and 

humidity of less than 10%. Samples of chillies and tomatoes were dried using drying chamber. 

Chillies took 23 while tomatoes took 19 hours to dehydrate completely. It was concluded that the 

solar thermal collector may be operated at high mass flow rates of air from 9:00 am to 4:00 pm to 

achieve maximum performance of the drier and optimum drying conditions for agricultural 

products to be dried in the drying box of the collector.  
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Introduction  

Solar energy has a great potential as renewable 

energy beside the hydro-electric and thermal 

energies. Pakistan is prosperous in renewable energy 

sources such as solar and bio energy but the scale of 

utilisation of solar energy has been very small as 

compared to the European countries, America and 

China. The nations must concentrate on the 

development of solar energy technology, like solar 

collectors and PV, to reduce energy deficiency in 

the upcoming future. Much of the area of Pakistan 

comes under the region of high solar intensity. The 

plains of Pakistan receive almost 700 w.m
-2

 of solar 

power. Peshawar (latitude of 34
o
N and longitude of 

71
o
E) is receiving intense solar irradiance of 20 MJ. 

m
-2 

d
-1 

within annual total of 7000 MJ.m
-2 

(Hanif et 

al., 2012a). To conserve this huge amount of energy 

the best choice is the use of solar collectors. A solar 

collector is a device which helps in heating a 

medium such as air or water that can be used for 

drying and heating purposes. Solar collectors are 

mostly constructed by local farmers from locally 

available materials; hence they are of low 

performance. The key factor in constructing a solar 

collector is its performance in terms of efficiency to 

be determined. To overcome the energy crises in the 

agricultural sector, the only available source is solar 

energy. To conserve the available solar energy the 

use of flat plate solar collectors is the best technique 

for drying various fruits with minimum cost and 

time (Ahmed, 2011 and Hanif et al., 2012b).  

A flat plate solar collector with active heat flow 

having an efficiency of 35 to 45% is the best choice 

for drying various agro products. A number of 

research experiments have shown that on-farm flat 

plate solar collectors for agricultural use can be very 

economical source of heat energy for drying and 

water heating. Flat plate solar collectors with active 

heat flow give better solar dried products as 

compared to open sun drying. This facilitates 

farmers in early crop harvest, long term storage of 

fruits, and improvement in quality of valuable dried 

products free from dust and pathogens (Hassanain, 

2009). Key parameters beside collector size that 

influence the performance of flat plate solar 

collectors are the forced air mass flow rates of the 

fluid flowing inside the collector and the ambient 

temperature around the collectors. Efficiency 

depends on the most favourable combination of 

temperature and air mass flow rates. Efficiency of 

solar collectors, used as a drier, must be confirmed 

when constructing a solar collector to see how much 
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energy per unit time the solar collector provides and 

what conditions are developed from this energy in 

the driers (Karim and Hawlader, 2003).  

The present research accentuates on the 

efficiency calculation and evaluation of a flat plate 

solar collector at different air mass flow rates and 

ambient temperatures which would be use for drying 

purposes.  

Materials and Methods  

The experiment was conducted on a small flat 

plate solar collector on the roof top of the 

Department of Agricultural Mechanization, Faculty 

of Crop Production Sciences, Khyber Pakhtunkhwa 

Agricultural University, Peshawar, Pakistan.  

Flat plate solar collector assembly: The flat plate 

solar collector assembly used in the experiment was 

composed of two parts (see Fig. 1). 

1. Flat Plate Solar Collector (FPSC)   

2. Drying Chamber 

Flat plate solar collector (FPSC): The FPSC 

consists of an insulating box. The insulating box 

(0.92m × 1.82m × 0.32m) was made of wood of 

poplar (Liriodendron tulipifera) and deodar (Cedrus 

deodara). These woods were used for the 

preparation of the insulating box because they are 

good insulators, cheap, easily available in the local 

market, having a high melting point and have low 

weight. It was fully insulated on the inside with the 

help of packing material or polystyrene foam. It is 

done for reduction in heat loss from FPSC. The 

absorber, which was (0.92m × 1.82m × 3mm) V-

corrugated, black painted steel sheet fixed in the 

middle of the insulating chamber. The V-corrugated 

black painted steel sheet was used for the fabrication 

of the absorber because it has a high absorption 

value of light (86%) and a high value of emissivity 

(32%). It is low cost, have high melting point, and 

easily available in the local market. The total area of 

the absorber is 1.7 m
2
. The absorber was believed to 

be a perfect black body which absorbs maximum 

heat energy available to it in the form of sunlight. 

The glazing was (0.92m × 1.82m × 5mm) broad 

glass sheet placed at the top of the insulating 

chamber. Glass was used for covering the absorber 

so that it was protected from air currents and 

allowed long as well as short wave length solar 

radiation to reach the absorber. Glass was used for 

glazing because its availability in the local market 

was easy, it is low cost, has a high melting point and 

high value of transmittance (88%). The inlet and 

outlet were 0.145m in diameter and was made up of 

P.V.C (polyvinyl chloride) pipe. Inlet was fixed at 

the bottom of the collector due to the fact that the air 

enters from lower side due to low temperature. The 

outlet was provided at the top of FPSC because hot 

air goes up to replace the cool air.  Both inlet and 

outlet have a cross sectional area of 0.0152 m
2
. 

There was a 0.150m exhaust fan fixed in the outlet 

of the collector for thrusting the hot air into the 

drying chamber. This fan provides air mass flow 

rates of 2.8, 5.8, 8.5, 11.7, 14.2 and 17.5 kg.min
-1

 

except the one with 0.5 kg.min
-1

, which was natural 

or passive flow. A fan regulator was installed on the 

fan so that it can be operated at different speeds to 

get the desired air flow mass flow rates. The 

collector was supported and tilted with the help of a 

frame made up of angle iron. The frame was built 

with four legs in such a way that the front two legs 

had a height of 0.35 meters while the rear two were 

1.10 meter high making the collector tilted at 35°
 

with the horizontal towards south.  

Drying chamber: The drying chamber was a (1.07 

m × 0.72 m × 0.66 m) wooden box which was 

connected to the outlet duct. The box was divided 

into three shelves that were provided with trays for 

drying the products. Each tray was made of a 

wooden frame in which the centers were sieved by 

stainless steel wire mesh. Each tray was 0.46 m 

wide and 0.61 m long. Each tray provided a total 

area of 0.28 m
2
 for drying. Total area available for 

drying in the drying chamber in all three trays was 

0.84 m
2
.  

 
Fig. 1. Isometric view of FPSC and the drying 

chamber. 

Collector orientation and tilt angle: The collector 

was oriented facing South, having a tilt angle of 35°
 

with horizontal plane. It was done to fix the azimuth 

and zenith angles of the sun with the collector so 

that maximum solar irradiance falls on the collector 

surface. To receive maximum solar radiation at 

Peshawar the collector was tilted to 35° so that the 

incident solar radiation was normal to the collector 

surface. As Peshawar is located at 34° latitude, so 

solar radiation at Peshawar, will be normal to plane 

facing south and making an angle of 30 to 35° with 

horizontal.  

Recording the data: The diffused solar irradiation 

data were recorded with the help of Mechanical 

Pyranometer by the method of Hanif et al. (2012a). 

Velocities of air at outlet duct were recorded with 

the help of a digital anemometer by the method of 

Karim and Hawlader, (2003). Relative humidity and 

temperature data of air pumping through inlet and 

outlet were recorded with the help of digital thermo-

hygrometer at both inlet and outlet of FPSC by the 

procedure described by Hassanain (2009).  
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Performance of the FPSC: The solar collector 

performance in terms of efficiency was determined 

at seven different levels of air mass flow rates in 

which one (0.5 kg.min
-1

) was natural while the other 

six consisting of 2.8, 5.8, 8.5, 11.7, 14.2 and 17.5 

kg.min
-1

 were forced or convective. FPSC was 

tested in months of November 2011 to January 

2012. Efficiency was determined using equation. 

   η      (Hanif et al., 2012b) 

where,  is the heat available to the collector and 

is the product of collector area and solar intensity 

per unit area which was determined by a mechanical 

Pyranometer. The heat available from the collector 

was calculated using the following equation.  

     (Karim and Hawlader, 2003) 

The heat output of the collector was calculated 

using equation 

Φo      (Hanif et al., 2012a) 

where,  is the heat output of the collector which is 

determined by the product of air mass flow rate, 

specific heat value of air and change in collector’s 

temperature at inlet and outlet.  

The air flow rate through the collector is 

determined by the product of air speed at outlet, 

density of air and outlet ducts cross sectional area. 

The flow rate was calculated by using equation.  

ℓ    (Ayensu, 1997)  

Samples testing: Selected samples of Tomatoes and 

green chillies were tested using the drying chamber 

of FPSC. For each sample, moisture loss per hour 

was recorded to see how quickly the samples were 

dried.  

Results and Discussion  

Solar radiation intensity: The average solar 

radiation intensity was recorded in each month from 

November 2011 to January 2012 and is shown in 

Fig. 2. The maximum solar radiation intensity was 

recorded in November which was 1 cal. hr
-1

.cm
-2

 

12:00 noon. There is a 0.1 cal.hr
-1

.cm
-2

 difference 

between the solar intensity of November and 

December. Similarly, 5% change in solar irradiance 

was observed between December 2011 and January 

2012. There is 10% decrease in the solar radiation 

intensity from November 2011 to January 2012 

which is due to the change in the angles of azimuth 

and zenith of the sunlight incident on the solar 

thermal collector in these months of the year. It is 

clear from the data given in Fig. 2 that solar 

irradiation was higher at 12:00 noon. The graph 

shows that the FPSC is used for collecting 

maximum solar energy in the form of heat for 

drying purposes from 9:00 am to 4:00 pm in all 

three months. These results are in accordance with 

the findings of Hanif et al. (2012a, b) and Ahmad 

(2011).  

 
Fig. 2.  Diffused solar irradiation at Peshawar. 

 

Drying condition during operation of the solar 

collector: Figs. 3 and 4 show the drying condition 

of the drying chamber, receiving heat from the 

FPSC. The temperature of absorber started 

increasing at 8:00 am and reached to a maximum of 

110
o
C at 12:00 noon. The heat from the absorber 

was collected by air used as a medium and 

transferred to the drying chamber. The optimum 

temperature range for drying was from 40
 
to 50

o
C. 

In the drying chamber at 9:00 am temperature was 

40
o
C which reached 50

o
C at 12:00 noon. The 

temperature remained optimum for 7 hours (9:00 am 

to 4:00 pm). For drying, the humidity range required 

must be less than 20%. The optimum humidity of 

drying chamber required was less than 20%. The 

humidity started decreasing from 50% at 9:00 am in 

the morning and decreased to 10% at 12:00 noon. 

The humidity remained optimum for 5 hours (10:00 

am to 3:00 pm). The data showed that a total of 7 

hours per day were available for drying of agro 

products by the solar thermal collector. These results 

are in accordance with the findings of Ayensu, 

(1997), Dikbasan, (2007), Ahmed, (2011) and Hanif 

et al. (2012a, b). 

 
Fig. 3.  Temperature data of the solar collector 

assembly. 
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Fig. 4. Humidity data of the outgoing air from solar 

thermal collector and ambient air. 

Performance of the solar thermal collector: 

Performance in terms of efficiency of the solar 

thermal collector was evaluated for the months of 

November 2011 to January 2012 at seven different 

convective air mass flow rates of 0.5 (natural) 2.8, 

5.8, 8.5, 11.7, 14.2 and 17.5 kg.min
-1

 and is given in 

Table 1. Various air flow rates were tested by 

changing the fan speed. The statistical analysis 

showed that month of year, mass flow rate and their 

interaction all have P-value of 0.000, thus these 

factors had highly significant effect on the 

performance of the solar thermal collector. A 5% 

variation in the efficiency from November to 

December was noted.  

The mean values for months in Table 1 shows 

that the efficiency of the flat plate solar collector 

ranged between 42.7 to 45.6 %. Higher efficiency of 

45.6% was recorded in the month of November 

2011 while low efficiency of 42.75 was shown by 

the collector in the month of December 2011. Mean 

values for air mass flow rates ranged between 21.7% 

to 56.1%. Lower efficiency of 21.7% was recorded 

at natural air mass flow rate while higher efficiency 

of 56.1 % was recorded at high air mass flow rate of 

17.5 kg.min
-1

. The results are in agreement with the 

findings of Ahmed (2011), Hanif et al. (2012b), 

Hassanain (2009), Masit et al. (2007) and Santos et 

al. (2005).  

Table 1. Effect of air mass flow rates and month of 

year on the efficiency (%) of a flat plate solar 

collector. 

Air mass Efficiency (%)  

Flow rates 

(Kg.min
-1

) 

November 

2011 

December 

2011 

January 

2011 

Mean 

0.5 24.1 19.0 22.0 21.7d 

2.8
 

32 35.2 33.5 33.6c 

5.8
 

40.3 42.6 41.0 41.3c 

8.5
 

51.8 46.0 47.8 48.5b 

11.7
 

53.7 46.0 48.4 49.4b 

14.2
 

57.6 48.0 51.1 52.2a 

17.5
 

59.5 53.7 55.0 56.1a 

 45.6a 41.5b 42.7b  

Mean values followed by different letters are significantly (P < 0.05) 

different from each other. 

LSD value for months = 1.466, LSD value for Flow rates = 5.786, 

LSD value for months x flow rates = 0.876 

Table 2.  ANOVA table of efficiency at different flow 

rates and months. 

SoV DF SS MS F P 

Month of 

year (A) 

2 269.799 134.900 146.3522 0.003 

Air mass flow 

rate (B) 

6 9911.212 1651.869 1792.1074 0.000 

A × B 12 114.478 9.540 10.3498 0.001 

Error 51 38.713 0.922   

Total 71 10334.203    

 

Samples dried by FPSC: The samples of green 

chillies and tomato halves were tested in the drying 

chamber of FPSC. Green chillies took 23 hours to 

dehydrate from 76% moisture to 9% moisture. The 

drier showed better performance than that of 

Fudholi et al. (2013), which dried the chillies in 27 

hours. These results are in accordance with the 

results of Guil-Guerrero et al. (2006). On the other 

hand tomato halves took 19 hours to dehydrate from 

88% to 7% moisture content. The results are in 

accordance with the findings of Eze (2012).  

 
Fig. 5. Dehydration of green chillies. 

 

 
Fig. 6. Dehydration of tomato halves. 
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Conclusions 

The efficiency of the solar thermal collector 

increased significantly with the increase in the air 

mass flow rate. So it is recommended to operate a 

solar thermal collector with air as a medium of heat 

transfer at a high mass flow rate to get maximum 

performance. 

Solar thermal collector showed maximum 

performance as a drier and worked efficiently for 7 

hours in a day from 9:00 am to 4:00 pm in the 

months of November 2011 to January 2012. So it is 

recommended to use a flat plate solar collector as a 

drier from 9:00 am to 4:00 pm in these two months. 

Abbreviations 

Ac Cross Sectional Area of the FPSC (m
2
) 

Ao Cross Sectional Area of outlet (m
2
) 

Ca  Specific heat of air (kJ.kg
-1

.
o
C

-1
) 

ρa   Density of air (kg.m
-3

) 

Hamb Relative Humidity at outlet (%) 

Hi Relative Humidity at inlet (%) 

Hdr  Relative Humidity of the drying chamber (%) 

Is  Diffused solar Irradiance (cal. cm
-2

.min
-1

) 

Tamb Ambient temperature (
o
C) 
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