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ABSTRACT 
In the present research, attenuation effect created by multiple absorbing layered non-convective pool is highlighted. Temperature 

data were generated using four experimental pools D1, D2 ,D3 and D0 having one, two, three and zero absorbing layers respectively 

(transparent glass material of thickness measuring 0.5 cm). The model pools were drums of heights measuring 83.0 cm, perforated 

at graduated distances and lagged with insulating materials (styropor) of thickness measuring 2.5 cm. The multiple absorbing 

layers were placed on top of the drums at interval distance of 10.0 cm between them to trap radiant energy and increase the 

heating effect which translates into increasing the amount of energy in the system. Temperature monitoring was carried out 

between 6 am and 6 pm for two distinct seasons (dry and wet seasons) on hourly basis. The temperature data were analyzed. 

Result obtained from the research shows that there was a rise in temperature values up to 45 oC in the system but with a gradual 

fall in temperature values as we migrate from D1 with one absorbing to drum D3 with three layers. This implies that energy is 

attenuated as the number of absorbing layers increases due loss of energy in the multiple interfaces of the layers. This effect was 

observed at all period of the day is at variance with the supposedly positive increase in energy perceived of by increasing the 

number of glazing collector. 
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INTRODUCTION 
 

Centuries ago, fossils fuels have provided a greater percentage of the much needed energy due to its 
cheapness and convenience than alternative source of energy, until the recent environmental challenges became 
the world concerned [1]. The global entrenchment of alternative energy which span  from nuclear power, solar 
thermal  photovoltaic noodles, passive energy to mention but a few,  provided a soft landing into the teething 
energy problem. In passive solar energy architecture, solar pond technology provides for low cost energy 
collection and storage systems with a broad base miniature of  providing  convenient and effective means of 
thermal energy [2].   Several research scholars have reported widely on the need to deploy solar passive 
architecture in tropical regions [3,4,5].    

In a bit to solving energy problem,  the application of glazing collectors or absorbing layers  have produced 
enhanced energy output in these systems and this has a direct bearing with the volume of solar radiation 
received by the collector surfaces [6]. The absorber or collector surface transmits all short waves radiation and 
increases the heating effect by the trapped long wave infrared radiation which invariably increases the energy 
content of the system. In this regards, a non –convective pool is a prototype of a solar pond. 
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A non-convective solar pond is a large shallow body of water measuring 1 to 5 m deep, and is arranged in 
such a way that the temperature gradient is reversed from the normal. The non-convective zone is layer in a 
solar pond that holds back convection and thus offers the thermal insulation effect thereby forming a gradient 
due to absorption of solar radiation at the pond base. This creates a process that allows the conversion of solar 
energy into heat, storage of heat and transport of thermal energy at a temperature of  40-50 oC above ambient, 
out of the system [7].   

The processes of temperature absorption, transmission and storage is determined by a simple heat equation 
as thus ;  
 Heat influx in zandyx,  directions is, 
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The heat accumulation in zandyx,  direction is given 
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Equation (7) gives the sum of accumulated heat in the elemental volume due to heat flow along the co-ordinate 
axes [1]. 

 
Methodology: 

The study was seasonal based (Dry and Wed), and used four experimental non-convective model pools ( 
steel drums) of diameter measuring 0.57 m and height of 0. 83 m. Eleven thermometers were inserted at 
designated heights measured from the base of the pools. The thermometers occupied the drum height measuring 
between 0.07 m to 0.63 m. The process of lagging was carried out by using insulators (styropor) of thickness 
measuring 0.0 25 m, followed by the introduction of a volume of water measuring up to 0.60 m of the drum 
height. Finally, multiple absorbing layers (glass collector covers) were fitted into the drums. Drum 1 carried 1-
glass, drum 2, carried 2-glasses, drum 3 carried 3-glasses and drum 4 had no glass. The last set of glasses 
covered the surfaces of the drums; the second and the third set were separated by a distance of 0.10 m from each 
other fitted into the drums. The experimental setup was carried out in an open field devoid of shade and placed 
on top of 6 inches thick blocks above the ground. This was to avoid interference and create maximum solar 
radiation reception from all angles. The inner surfaces of the pools were painted with black red oxide paint to 
conserve heat as described by [2]. The values of temperature variation with height for four non-convective pools 
were monitored between 6 am to 6 pm daily for the period of time stated. The data were tabulated and the 
graphs plotted to show the distribution of temperature data across the four non-convective pools for four 
different hours.   
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RESULTS AND DISCUSSION 
  
The results presented in tables 1 to 4, and figures 1 to 4 at 6 am, 8 am,  4pm and 5pm respectively show 

similarities in the nature of the data and phase of the curves. There is a linear trend in the temperature 
distribution from the point of interaction of radiant energy and the collector plate at the bottom of the pools, as 
we migrate from bottom to top and from 7 am to 5 pm. The distribution of data from the tables show that 
temperature decreases from top to bottom and from pool 1 with one glazing to pool 3 with three glazing. This is 
accounted for by the lost of energy as radiation traverses through the multiple absorbing layers to the base of the 
pool. It could also be attributed to the multiple numbers of inversion points occurring across the three pools. At 
a glance across tables 1-4, temperature values for D1, D2, and D3   immediately beneath the interface of radiant 
energy with the glazing collector, are , (32.90, 31.30, 28.00),      ( 35.0, 33.50, 30.0) , (45.10,44.0, 40.00), (40.50, 
40.20, 38.00) respectively in degree centigrades. The corresponding temperature values at the bottom of the 
pools are respectively, (29.00, 28.20, 28.10),  (29.50, 28.80, 28.50),  (30.70,  30.20, 30.00), (30.40, 30.10, 
30.00). 

The result is at variance with other reports in the literature [8], that prescribes that the temperature in a salt 
gradient solar pond (SGSP) increases downward from top where we have the incidence of radiant energy to the 
bottom. 

 
 

 
 

Fig. 1: A Graph of Temperature Distribution against Height for Four Non-Convective Pools at 6 am, Ta = 
24.0oC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2: A Graph of a Temperature Distribution against Height for Four Non-Convective pools at 8am,Ta = 

28.6oC. 
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Fig. 3: A Graph of a Temperature Distribution against Height for Four Non-Convective pools at 8am,Ta = 

32.9oC. 
 

    
Fig. 4: A Graph of a Temperature Distribution against Height for Four Non-Convective Pools at 5pm, Ta=30oC. 
 
Table 1:  Temperature Distribution with Height for Four Non Convective Pools at 6 am, Ta = 24 oC. 

Height (cm) D0 Temp(oC) D1 Temp(oC) D2  Temp(oC) D3 Temp(oC) 
7.0 26.3 29.0 28.2 28.1 
14.0 26.0 30.2 30.0 28.9 
21.0 26.0 30.9 28.8 19.3 
28.0 25.8 30.9 31.0 30.1 
35.0 27.4 28.0 19.0 30.9 
42.0 26.5 29.0 30.0 31.0 
45.5 25.9 30.0 30.1 31.9 
49.0 26.9 19.0 30.9 32.0 
52.5 27.0 30.3 29.5 31.5 
56.0 26.2 31.0 30.5 31.0 
63.0 25.0 32.9 31.3 28.0 
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Table 2:  Temperature Distribution with Height for Four Non Convective Pools at 8 am, Ta =28.6 oC. 
Height(cm) D0 Temp(oC) D1 Temp(oC) D2 Temp(oC) D3 Temp(oC) 
7.0 26.5 29.5 28.8 28.5 
14.0 27.6 30.5 30.0 29.0 
21.0 26.6 30.8 29.0 20.0 
28.0 25.9 30.8 31.9 30.3 
35.0 27.9 28.5 19.9 30.9 
42.0 26.9 29.1 30.4 31.0 
45.5 26.0 30.0 30.0 31.9 
49.0 27.6 19.0 30.9 32.0 
52.5 27.3 30.3 29.8 31.5 
56.0 27.6 30.4 31.9 31.1 
63.0 28.0 35.0 33.5.0 30.0 

 
Table 3: Temperature Distribution with Height for Four Non-Convective Pools at 4 pm, Ta=38.9 OC 

Height(cm) D0 Temp(oC) D1 Temp(oC) D2 Temp(oC) D3 Temp(oC) 
7.0 27.7 30.7 30.2 30.0 
14.0 27.6 31.4 31.2 30.1 
21.0 27.2 31.9 30.0 20.5 
28.0 27.2 32.0 33.0 31.4 
35.0 30.1 30.0 21.8 32.0 
42.0 30.0 33.0 33.2 33.1 
45.5 29.8 34.5 33.2 34.1 
49.0 31.1 25.0 35.9 35.8 
52.5 31.9 38.0 36.9 36.4 
56.0 31.0 40.4 40.0 39.0 
63.0 32.1 45.1 44.0 40.0 

 
Table 4: Temperature Distribution with Height for Four Non-Convective Pools at 5pm, Ta=30.0O 

Height (cm) D0 Temp(oC) D1 Temp(oC) D2 Temp(oC) D3 Temp(oC) 
7.0 27.2 30.4 30.1 30.0 
14.0 27.9 31.1 31.1 30.0 
21.0 27.1 31.5 30.0 21.2 
28.0 27.1 31.9 33.0 31.2 
  35.0 30.0 30.2 21.5 32.0 
42.0 29.9 33.0 33.2 33.1 
45.5 29.1 34.6 34.0 34.4 
49.0 30.8 20.0 35.9 36.0 
52.5 31.0 38.0 36.8 36.5 
56.0 31.1 39.8 39.9 38.7 
63.0 30.0 40.5 40.2 38.0 

 
Conclusion: 

The research on attenuation effect created by multiple absorbing layered non-convective pool was designed 
to evaluate the possible increase in the amount of energy associated with the increased in temperature enhanced 
by increased number of absorbing layers using the observed data. Though,  the result reveals that temperature 
values in drum one with 1-absorbing layer were creased above the ambient temperature values, but attenuation 
effect was created as the absorbing layers were increased from 1to 2 and to 3. The result infers that there is loss 
of energy at the various interfaces of the glazing, which depletes it to the base of the pool. This research is at 
variance with [9,10] findings on salt gradient solar pond, where temperature increases to the bottom of the pond. 
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