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Abstract 

Energy usage world- wide has been on the increase to the extent that fossil fuel resources 

are depleting. In Nigeria, price increase of this fossil fuel (oil and gas) has made the 

populace turning to the use of wood as fuel thereby causing desert encroachment. With 

these trends in energy usage, solar is conceived as alternative to these fuels.In this study a 

double glazed collector and single glazed collector was designed and using existing 

model (theoretical and experimental) was used to determine the effects of glazing cover 

arrangement on the performance of solar collector. Tests showed that the double glazed 

single panel collector, was able to heat water to an average maximum temperature of 

98
0
C and for the single glazed double panel collector, it was 84

0
C in a clear weather 

condition for the same amount of water of 120 litres. 
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1. Introduction 

The heating of water for domestic use 

(bathing, cooking, cleaning, etc.) 

presently accounts for an appreciable 

proportion of energy needs. The 

enormous demand is currently being met 

primary through burning of fossil fuels 

like coal, gas, oil etc. or use of 

electricity; the use of fossil fuel like 

kerosene and cooking gas is very 

expensive nowadays in countries that are 

not endowed with such natural 

resources. In the countries that are 

endowed with it problem of distribution 

such as bad roads, lack of technological 

knowhow and excess profiteering by 

marketers deny most people access to it.  

 

In Nigeria, for example, the hoarding 

and diversion of petroleum products to 

the neighbouring countries which 

resulted in an uneven distribution 

coupled with bad roads has further 

compounded the problem of supply and 

use of kerosene and cooking gas by both 

rural and urban dwellers. As a result of 

non-availability of some of these 

petroleum products, the use of firewood 

has been on the increase; the increase in 

demand of firewood is causing lot of 

deforestation which is leading to 

destruction of vegetation and animals. If 

the trend is not checked presently, 

Nigeria will continually be depleted of 
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wood to the peril of national ecological 

setting or green environment and 

consequently will face global warming. 

Besides the high procurement cost and 

scarcity of fossil fuels, their burning is 

associated with environmental 

pollutions. In order to circumvent these 

problems, alternative sources are sought; 

solar energy has been found to be one of 

the best alternatives, because of its 

inherent advantages such as its 

abundance, availability, inexhaustibility 

and environmental friendliness. At 

present the most successful utilization of 

solar energy is in area of domestic hot 

water, space heating and cooking as well 

as generating electricity, etc. Among 

these many uses of solar energy, heating 

process is one which has been exploited 

the most. It is now being accepted as a 

practical way of providing domestic hot 

water system in Japan, Israel, U.S.A, 

Indian, France, and some Latin America 

(Chandra and Oguntuase, 1986). 

The most common solar collector types 

are; unglazed flat plate collectors, glazed 

flat plate collectors and evacuated tube 

solar collectors. In this study a double 

glazed and single glazed collectors was 

designed to compared the temperature 

output of the two and this study was 

carried out in Auchi in Edo State Nigeria 

where a single glazed has be used by 

past researchers with the 

followingresults from their study, 

highest output temperature of 60
0
C  and 

water temperature 48
0
C, to compared the 

result of the double glazed with the 

single glazed result, Auchi is with high 

radiation intensity of up to 810W/m
2
 and 

average ambient of 32
0
C (Data from 

metrological observation by civil 

Department, Auchi polytechnic, Edo 

state). 

The flat plate collectors use either air or 

liquid to transfer the collected heat to 

whatever it is needed but whatever heat 

transfer medium is used, the principle of 

operation involved is the same. The vast 

majority of the flat plate collectors 

therefore, have the following basic 

components in common:the absorber 

surface, the heat transfer interface/fluid 

passage, the glazing and the storage 

tank. 

The  flat plate collectors used are the 

single glazed where large area are used 

that is, multi collectors in order to raise 

the temperature to a higher degree and 

by doing this increase the cost and space, 

heat is loss along the way to the storage 

tank. But the double glazed has not be 

visited by many researcher, the double 

glazed is to make the system compact 

and increase the temperature output, 

using the same materials and reduced the 

heat loss in the system. Against this back 

drop on a single glazed, is this research – 

Performance analysis of a flat plate solar 

collector in a multi-panel configuration 

system. 

2. Methodology 

The methodology of this research study 

involves three stages: 
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(i) The theoretical Analysis /Design 

(ii) Construction of the Solar water 

heating system 

(iii)Experimental/Performance Test

  

The double glazed solar flat plate 

collector and the single glazed flat plate 

collectors were connected in series, were 

stationed outside for effective solar 

radiation into the system. Mercury - in - 

glass thermometers were mounted in the 

following points in the solar collectors. 

1.   The water inlet pipe of the first 

collector, the thermometer 

measures the inlet water 

temperature, 

2.  The water inlet pipe of the 

second collector, the 

thermometer measures the outlet 

water temperature of the first 

collector and water inlet 

temperature of the second 

collector, 

3.  The water outlet pipe of the 

second collector to the hot water 

storage tank,the thermometer 

measures the outlet water 

temperature of the second 

collector, 

4.  The top water level and the 

bottom of the hot water storage 

tank, the two thermometers 

measure the temperatures of the 

hot water at the top and bottom 

of the hot water storage tank 

respectively. The average of the 

temperature readings atthe top 

water level and the bottom gives 

the bulk water temperature of the 

tank. 

Eppley-pyranometer was used to 

measure the solar radiation 

intensity. 

After the setting up of the experiment 

and carried out the orientation of the 

panel usingthe geographical latitude of 

Auchi of 7
0
 with the convectional angle 

of 10
0
, it was inclined at angle of 17

0
 

using the protractor to locate the 

direction. 

The collector was made to face due 

south as the convectional rule for the 

best all year round performance, with 

this the sun ray can caught across the 

panel at any time of the day. 

After all the above had be done the first 

test began by 8am and the first record 

was done after one hour by reading the 

thermometers that have been fixed in the 

various points in the setup and the test 

records is done every one hour, from 

8am- 6pm each day for ten days. Also 

the solar radiation intensityusing the 

eppley-pyranometer recorded every one 

hour, the useful heat gain by the 

collector, the collector hourly efficiency 

and the performance coefficient were 

calculated using the following equations 

For useful heat gain by the collector 

equation 

           

(1) 



Abhulimen, F. O, Anaidhuno, U.P & Maduike, F.: Performance Analysis of a Flat Plate Solar Collector in a Multi-

Panel Configuration 

 

 

FUPRE Journal of Scientific and Industrial Research, Vol.6 (1), 2022 

 

 99 

For the collector hourly efficiency 

equation                                        

(2) 

For the collector daily efficiency 

equation                                        

(3) 

For performance coefficient                                   

(Tfi -Ta)/H (4) 

All the above equations were repeated 

throughout the period of the test for each 

day based on the temperature and the 

solar radiation intensity for each day and 

the results are presented in the Tables. 

 

3. Results and Discussion 

3.1 Results 

TABLE1:April 9
th

, 2019. Evaluated Parameters of Double-Glazed Single Panel 

Collector Unit. 
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The Daily Efficiency of the collector ( ) 



Abhulimen, F. O, Anaidhuno, U.P & Maduike, F.: Performance Analysis of a Flat Plate Solar Collector in a Multi-

Panel Configuration 

 

 

FUPRE Journal of Scientific and Industrial Research, Vol.6 (1), 2022 

 

 100 

From equation (3.34)            where  is the summation of hourly useful heat 

gain and  is the summation of hourly solar radiation intensity. 

 

 

TABLE 2: April 9
th

, 2019.Evaluated Parametersof Single Glazed Double Panel 

Collector Unit 
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The experimental hourly efficiencies ( ) of the collectors are plotted as a function of 

the period (hour) to obtained the hourly efficiency curve of the collector for the first test 

carried out on 9
th

 April 2019 as shown in figure 1. 
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Fig.1: Experimental Hourly Efficiency Curve of the Collectors for the First Test 

Table 3. April 13
th

, 2019. Evaluated Parameters ofsingle Glazed Double Panels 

Collector Unit 
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On the 13
th

 April 2019 average temperature of hot water withdrawn from the tank, the 

double glazed single panel was 68
0
C, the single glazed double panel was 49

0
C and the 

double glazed double panel collector was 84
0
C respectively. 

The experimental hourly efficiencies ( ) of the collectors are plotted as a function of 

the period (hour) to obtain the hourly efficiency curve of the collector for the fifth test 

carried out on 13
th

 April 2019 as shown in Fig. 2 
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Fig. 2: Experimental Hourly Efficiency Curve of the Collector for the Fifth Test 

 

Fig.3: Experimental Hourly Efficiency Curve of the Collector for the Tenth Test 

The table below showed the calculated daily efficiencies of the three set up 

experiments for the period of the study. 

Table 3. The Calculated Daily Efficiencies ( ) of the Tests during the Period of Test 

Period (Day) Double Glazed single panel 

Daily efficiency( )  

Single Glazed Double Panel 

Daily Efficiency( ) 

1.09/04/2019 0.42 0.40 
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2. 10/04/2019 0.43 0.42 

3. 11/04/2019 0.48 0.47 

4. 12/04/2019 0.52 0.51 

5. 13/04/2019 0.54 0.53 

6. 14/04/2019 0.41 0.40 

7. 16/04/2019 0.43 0.42 

8. 17/04/2019 0.48 0.47 

9. 19/04/2019 0.52 0.52 

10.20/04/2019 0.54 0.53 

From the experimental calculateddaily efficiencies ( ) of the collectors, are plotted as a 

function of the period (day) to obtain the daily efficiency curve of the collector as shown 

in Fig.4 

 

 

Figure 4. Experimental Daily Efficiencies Curve of the Collector for the periodof 

Test  

3.2 Discussion Analysis of the results of the tests are 

here discussed, 9 April 2019, it was a 

sunny day and looking at Tables 1&2, 
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shown that the ambient temperature rose 

from 31
0
C at 9.00 hours to 39

0
C at 15.00 

hours and dropped gradually to 34
0
C at 

18.00 hours. The maximum water outlet 

temperature for the double glazed single 

panel collectorwas 96
0
C, tank bulk hot 

water temperature was 81
0
C and the 

hourly efficiency rose from 45% at 8.00 

hours to 49% at 11.00 hours and dropped 

to 4.2% at 18.00 hours, the daily 

efficiency was determined to be 0.41, 

heat loss was reduced due to double 

glazed on the collector surface which 

acts as temperature booster. 

The single glazed double panel collector 

was carried out at the same time with the 

double glazed, with the same ambient 

temperature as shown in Table 2. The 

maximum water outlet temperature for 

the water and tank bulk temperature was 

80
0
C and 72

0
C. The hourly efficiency 

rose from 45% at 8.00hours to 48% at 

12.00 hours and dropped to 3.9% at 

18.00 hours. The daily efficiency was 

determined to be 40% the rate at which 

heat is loss to the environment through 

the surface of the collector is high and 

the large connection also affect the final 

outlet temperature of the water. 

The graph of the hourly efficiency 

clearly shown in Figure1, the 

temperature output which reflect in the 

calculations of the useful energy gain 

with the solar radiation, which gives the 

hourly efficiency. 

Tables 3 is the values measured on 13
th

 

April 2019.It was cloudy in the morning 

and the sky later became clear. The 

ambient temperature rose from 29
0
C at 

9.30 hours to 34
0
C at 15.30 hours and 

dropped to 31
0
C at 18.30 hours. The 

average temperature of hot water 

withdrawn from the tanks was 56
0
C. It is 

interesting that under this extreme 

condition, that is low ambient 

temperature of between 29
0
C and 34

0
C 

the double grazed was able to heat the 

water to average temperature of about 

56
0
C suitable for bathing was obtained 

and also the single average temperature 

was 41
0
C.of the water withdrawn from 

the tank. 

The experimental collector hourly 

efficiency ἠH was plotted against period 

(hours) to obtain the curve of the 

collector performance for the test carried 

out on 13
th

 April 2019 for both 

thedouble-glazed single panel collector 

and single as shown in Fig.2 which 

clearly shown the hourly variation of the 

efficiency of the test. 

On 19
th

 of April 2019, it shown that the 

day was sunny looking at the ambient 

temperature which rose from 30
0
C at 

8.00- 9.30 hours to 40
0
C at 14.00 -15.30 

hours and dropped to 32
0
C at 17.00-

18.30 hours. The hourly efficiency of the 

double glazed single panel rose from 

45% at 9.30 hours to 55% at 14.00 

hours. The maximum hourly efficiency 

of 55% was obtained at 14.00 hours and 

the minimum hourly efficiency of 45% 

was obtained at 9.30 hours. Average 

temperature of hot water withdrawn 

from the tank was 67
0
C. 
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Under the same ambient temperature on 

the test on 19
th

 April, the single glazed 

double pane collector shown.The hourly 

efficiency of single glazed double panel 

rose from44% at 9.30 hours to 54% at 

14.00 hours. The maximum hourly 

efficiency of 54% was obtained at 14.00 

hours and the minimum hourly 

efficiency of 44% was obtained at 9.30 

hours. Average temperature of hot water 

withdrawn from the tank was 57
0
C. 

The experimental collector hourly 

efficiency ἠH was plotted against period 

(hours) to obtain the experimental hourly 

efficiency curve of the collector for the 

tests carried out for both the double 

glazed single panel, double glazed 

double panel and single glazed double 

panel collector.The calculated daily 

efficiency of the tests carried out during 

the period of test (day),from 9
th

 April to 

20
th

 April 2019and these data are plotted 

in against the period (day). 

Looking at the graph of the daily 

efficiency plotted against (day), it clearly 

seen that the daily performances of each 

of the collectors, the double glazed 

single panel daily efficiency is higher 

than that of the single glazed double 

panel when they are compared.  

The higher daily efficiency during the 

period was on the 13
th

 April, it was 58% 

for double glazed double panel, 54% for 

double glazed single panel and 53% for 

single glazed double panel at ambient 

temperature of between 29
0
C and 34

0
C. 

This shown that when the ambient 

temperature is low the rate heat loss 

from the system is low thereby increases 

the efficiency of the system.   

Conclusion 

The double-glazed single panel collector 

produced the maximum temperature at 

the fluid outlet of 113
o
C and for the 

single glazed double panel, it was 87
0
C 

for the period of testing. Conclusively, 

the double glazed single panel collector 

was found to be more effective for a 

heating process when compared with the 

single glazed, for the same number of 

glass covers.   
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