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Table 1. ANOVA for collector with similar glass thickness. 
 
Collector Sum of squares df Mean square F Significance 
Between Groups 1.427 3 0.476 

1.289 0.323 Within Groups 4.428 12 0.369 
Total 5.854 15  

 
 
 
thickness was to ensure that variation of the efficiencies during 
other experiments were not due to design variations. The duration 
for each experiment was 5 days for collector with similar glass 
thickness and for different flow patterns. Time of experiment was 
from 7:30 am to 6:00 pm with a 10 min interval for data sampling. 
The experiments were conducted at the University of Dar es 
Salaam in College of Engineering and Technology. All collector 
models were placed on top of block-Q building situated at the 
Department of Chemical and Mineral Processing. 
 
 
RESULTS AND DISCUSSION 
 
Collectors performance with similar glass 
thicknesses 
 
The main objective of this experiment was to find out if 
there was significant performances difference between 
designed collector models with similar characteristics. 
Each collector model was tested for its performance by 
using 5 mm glass thickness. 
 
 
Temperature and energy profile of collectors with 
same glass thickness 
 
Figure 3 show the variation of ambient and outlet 
temperature of four collector models while Figure 4 
shows the rate of outlet flow of energy from collector 
recorded from 7:30 am to 06:00 pm on 12/09/2011. 

From Figure 3 it can be seen that there is no variation 
in temperature between collectors however, temperature 
varies according to the fluctuation of solar intensity. 
Fluctuations of temperature during the morning are high 
when compared to afternoon due to high clouds coverage 
which results to low solar intensity reaching the earth. 
Similar characteristic were observed in energy profile in 
Figure 4. The efficiencies of the solar collector were 
evaluated by finding the area under energy curve. 
Statistical analysis of the thermal efficiency of solar air 
collector with the same glass thickness were analysed 
with SPSS program with confidence interval of 95%. 
Efficiency mean of collector models 1, 2, 3 and 4 were 
29.6, 29.8, 30.3, and 30.3% respectively. A one-way 
between subjects ANOVA (Analysis of Variance) was 
used to compare the efficiencies of collector models and 
reported in Table 1. The main objective was to determine 
if there is a significant difference between collector 
efficiencies when operated with the same glazing 
materials. 

From Table Table1, the significance value is 0.323 
(p<0.05). Therefore, it can be concluded that there were 
no statistical significant difference between the means of 
collector efficiency with the same glass thickness, and 
that, their minor variations are due to changes in 
environmental conditions and not due to design 
variations. 
 
 
Collectors performances with different air flow 
pattern 
 
Here, the effect of flow pattern on the performance of 
solar collector by improving the capability of heat capture 
from absorber plate was discussed. Performance of 
single pass were studied by designing single duct with air 
passing over the surface of absorber (Single Duct Front 
Pass-SDFP) while double pass were studied by 
designing double duct parallel flow (DDPF) and double 
duct counter flow systems (DDCF) as elaborated in 
Figures 1 and 2. 
 
 
Temperatures profiles for single and double air pass 
 
Figure 5 shows variation of measured collector and 
ambient temperatures with time for single duct front flow, 
double duct parallel flow and double duct counter flow on 
22/11/2011. Collector temperatures increased with 
increase in solar intensity and reached maximum 
between 12:00 am to 13:00 pm. Temperature difference 
between double and single air pass collectors during the 
morning were small while at noon and at sunset the 
differences were significant. 

Generally, there was high fluctuation of temperatures 
during the morning due to high variation of solar intensity. 
The fluctuations of temperatures were appearing to 
decrease from noon due to stability of solar intensity and 
the fact that the system is in equilibrium. However, there 
was some variation of solar intensity during the afternoon 
which was not clearly depicted in temperature measured. 
This was due to the fact that, absorber plate acts as heat 
storage and therefore at a short time variation in solar 
intensity the stored energy was transferred to air. 

Double duct counter flow solar collector attained the 
highest maximum temperature of 59.4°C, double duct 
parallel flow 55.6°C while single duct front pass gave the 
least maximum temperature of 50.3°C as shown in Figure 6. 

Double duct counter flow  solar  collector  produced the 
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Figure 6. Maximum temperature reached in single and double 
air pass solar collector. 

 
 
 

 
 

Figure 7. Average temperature for single and double duct solar 
collector. 

 
 
 

 
 
Figure 8. Comparisons of solar intensity for different days of the 
experiments. 
 
 
figures it was clear that, collector energy depends on the 
solar intensity and varies with solar intensity fluctuations. 
Energy delivery starts from lowest value during the 
morning and start rising to maximum during the noon and 
then reduced towards sunset. 

Low energy during the morning were caused by low 
angle of incidence of solar radiation on the collector 
surface (normally at 0 to 60°) and the fact that part of the 
collected energy were used in pre-heating collector and 
its components (Das and  Chakraverty,  1991).  However,  

 
 
 
 

 
 
Figure 9. Energy profiles of collectors with different flows patterns 
22/11/2011. 
 
 
 
with the   stabilization  of  available  energy  with    energy 
stored in the absorber, from noon the energy does not 
fluctuate as much as solar intensity. 
 
 
Analysis of performance of collector with different 
flow patterns 
 
The results of the statistical analysis of variance 
(ANOVA) for single and double air pass in collector which 
was carried out to study the significance differences 
between their individual means are reported in Table 2. 
Average performance of single duct front pass (SDFP),  
double duct parallel flow (DDPF) and double duct counter 
flow (DDCF) were 30.6, 36.1 and 38.9% respectively. 
 
 
Comparisons of means for single and double pass 
solar collector 
 
A one way between subjects ANOVA were used to 
ascertain if there was significance difference between 
means of single and double pass solar collectors. From 
Table 3, it is evident that there is statistical significant 
difference between the means of single and double pass 
solar collectors with p=0.002. However, in order to 
identify the method to use in multiple comparison of 
means, Levene test of homogeneity was conducted. 

From Table 4, p>0.05; therefore equal variance 
assumed (Turkey) test were used for multiple comparison 
of collectors means. 

It is clear from Table 5 that the thermal performances of 
double passes solar air collectors were higher when 
compared to single passes. These results were in 
agreement with the study of Yeh et al. (2002) who 
outlines a considerable performance increase when 
employing a double-flow device instead of using a single-
flow. It could be seen that, performance of single duct 
front pass collector (SDFP) was significant different 
compared to double duct parallel flow and double duct 
counter flow. Similarly, there were no statistical significant 
difference between double duct parallel  flow  and  double  
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Table 2. Statistical analysis of performance of solar air collector with single and double air pass by using SPSS program. 
 

Statistical parameters N Mean Standard 
deviation 

Standard 
error 

95% confidence interval for mean
Min. Max. 

Lower bound Upper bound 
SDFP 4 30.6250 0.96393 0.48197 29.0912 32.1588 29.20 31.30
DDPF 4 36.0500 1.39164 0.69582 33.8356 38.2644 34.00 37.10
DDCF 4 38.8750 3.53777 1.76889 33.2456 44.5044 33.60 41.00
Total 12 35.1833 4.12064 1.18953 32.5652 37.8015 29.20 41.00

Model 
Fixed effects   2.26434 0.65366 33.7047 36.6620   
Random effects    2.42067 24.7680 45.5986   

 
 
 

Table 3. Analysis of variance of collectors with different air flow patterns. 
 
Collectors Sum of squares df Mean square F Significance 
Between Groups 140.632 2 70.316 

13.714 0.002 Within Groups 46.145 9 5.127 
Total 186.777 11  

 
 
 

Table 4. Results of Levene test for single and double air pass solar 
collector. 
 

Levene statistic df1 df2 Significance 
3.179 2 9 0.090 

 
 
 
Table 5. Multiple comparisons test for single and double air pass mean efficiencies. 
 

(I) Air_flow (J) Air_flow Mean difference (I-J) Standard error Significance 
95% confidence interval 

Lower bound Upper bound 

SDFP 
DDPF -5.42500* 1.60113 0.020 -9.8954 -0.9546 
DDCF -8.25000* 1.60113 0.002 -12.7204 -3.7796 

DDPF 
SDFP 5.42500* 1.60113 0.020 0.9546 9.8954 
DDCF -2.82500 1.60113 0.235 -7.2954 1.6454 

DDCF 
SDFP 8.25000* 1.60113 0.002 3.7796 12.7204 
DDPF 2.82500 1.60113 0.235 -1.6454 7.2954 

 

*: The mean difference is significant at the 0.05 level. 
 
 
 
duct counter flow (p=0.235). In double pass solar 
collector, air flow was from both sides of the absorber 
plate, and therefore it doubles heat transfer areas which 
in turn reduce collector thermal losses. From this study, it 
can be concluded that, double ducts counter flow gave 
the best performance and it can improve the 
performances of the solar collectors by 8.3% compared 
to single duct front pass (convectional type) as shown in 
Figure 10. The result was in agreement with results 
reported by Omojaro and Abdabbagh (2010) and El-
sebaii et al. (2011b) in the ranges of 7 to 19% and 7 to 
9% respectively. On other hand, the result were in 
disagreement with the results reported by  Chamoli et  al. 

(2012), Yousef and Adam (2008) and Ramani et al. 
(2010)  in the ranges of 10 to 15%, 10 to 12% and higher 
than 10% respectively. This was due to the fact that the 
reported studies uses aluminium plates which were 
superior in thermal conductivity when compared to 
galvanized steel used in this study. In addition, the first 
author attempts to use two similar plates in double duct 
and compared  results  with  single  duct  which  contains 
single plates while in this study only single plate were 
used in double and single air passes. 

Theoretically, in double duct counter flow, heat energy 
extracted by the flowing air in the first pass from the glass 
covers is used as air preheater which  in  turn  decreases 






