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Abstract 

The objectives of this work are to build and test a pyramid-roof-type solar still with 30˚ tilt 

angle of all faces, augmented with an evacuated-tube solar collector system. A similar still 

was built and augmented with a flat-plate collector for the purpose of comparison of 

performance. The inlet of the basin was connected to the outlet of the solar collectors 

system in order to get a higher temperature in the still basin. In both cases, the system was 

tested with and without augmentation. The experiment was carried out in three days of late 

July and early August. It was found that the total output of the distilled water in one day 

when the system consisted of a still without collector was about 2309 ml. In another 

approximately similar day in which the stills where augmented with collectors, the daily 

water production was 2485ml and 2615ml for the flat-plate and evacuated tube collectors, 

respectively. It is clear that the water production was improved using solar collectors’ 

augmentation by 7.62% in case of flat-plate and by 13.25% in case of evacuated-tube 

collectors. 
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1. Introduction 

The concept of still augmentation by a solar collector first appeared in the literature in the 

year of 1996. Singh et al [1] investigated the efficiency of a system composed of a single 
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stage still augmented with solar collector. They found that this efficiency is less than that 

of a concentrator still system. Badran et al [2] conducted a research about the effect of 

augmentation with a flat-plate collector on the performance of a basin-type solar-still. They 

found that the mass of distilled water production using augmentation was increased by 

231% in the case of tap water as a feed and by 52% in the case of salt water as a feed. 

Tahmineh Sokhansefat et al [3] focused on the thermo-economic analysis of two different 

solar hot water system based on two types of flat-plate collector (FPC) and evacuated tube 

collector (ETC). The research also focused on analysis using TRNSYS16 software to 

calculate the solar collector energy output and the collector’s output temperature. They 

found that the performance of ETC system is 41% better than FPC system, and the yearly 

useful energy gain of ETC is 30% more than that of FPC in cold climate. Ravishankar et al 

[4] investigated a solar still and water heating system with different heat storage material. 

The project goal was to increase the yield from solar still and to increase the water 

temperature to act as a solar still cum solar water heater. They found that the yield of 

freshwater from the solar still with spherical ball salt storage achieves the maximum yield 

of 3.7 kg/m
2
 as compared to a conventional single slope solar still with sponge and without 

any storage material as 2.7 and 2.2 kg/m
2
 respectively. Omar Bait et al [6] carried out work 

on the integration of tubular solar collector and its effect on the performance enhancement 

of classical distillation unit. They showed that the collector contributes appreciably in 

augmenting the basin water temperature to be higher than that of a simple still case and 

both couples of distillate amounts and instantaneous efficiencies were respectively 

(∼2.77 kg/m
2
, ∼4 kg/m

2
) with an augmentation rate of yield of ∼ 44.40% and (∼40%, 

∼80%) for the passive and active targets. In this work, a pyramid-roof-type solar still  

augmented with an evacuated-tube solar collector system was built and tested. A similar basin 

augmented with a flat-plate collector was built and tested for the purpose of comparison of 

performance. The inlet of the basin was connected to the outlet of the solar collectors system 

in order to get a higher temperature in the still basin. 

2.  Analysis 

The objectives of this analysis are to study the performance of a roof-type still that is 

augmented by an evacuated-tube, fill-in solar collector and compare it for productivity and 

efficiency with that of conventional type, locally made flat-plate collectors. Figures 1 and 2 

show the roof type solar still augmented with flat-plate and evacuated-tube solar collector 

systems, respectively. as shown. 

The still efficiency, as any other thermal device, is defined as the ratio of the energy output 

to the energy input into the still, or 

 

                                                                                                        (1) 

 

The energy output is the condensate production (productivity) within a certain time period 

times the latent heat of that condensate. The energy input is the incident solar radiation 

within the same time period times the area of the still. Therefore, the efficiency may be 

calculated on hourly and daily basis. The hourly efficiency is given by: 
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                    Figure 1. Solar still augmented with flat-plate collector system 

 

 

Figure 2. Solar still augmented with evacuated-tube collector system 

 

And the daily efficiency is given by: 
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                                                                                   (3)                                                                              
 

Where:  

m: is the hourly production of distilled water in kg. 

hfg: latent heat of vaporization of water (at the temperature of condensate) 

I: hourly radiation, on the horizontal surface of the still, kJ. 

As:  Horizontal area of the still, m
2
. 
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3. Experimental 

Figure 3 shows the experimental setup for the whole project. It is composed of an 

evacuated-tube collector (on the right), a flat-plate collector (on the left) and two 

solar stills next to each one of them. A 1000 liter feed tank and two constant head tanks 

are in a common place to the left. 

 

 

                           Figure 3. The experimental setup of the project. 

 

The evacuated tube collector, as shown on the right, was obtained from from local market 

(Sema Industries for Renewable Energy w.l.l). The type of the evacuated tube collector is 

fill-in, with 10 tubes, 58 mm dia., 1650 mm long tubes attached to hot water storage 

cylinder with capacity of 10 L each and 200L cylinder capacity. 

The flat-plate collector, shown on the left,  was obtained from the local market (Ideal Solar 

Energy Ltd. Co.(Hanania)). It’s aperture area is 1710 x 710 mm. The finned surface was 

made of 0.7 mm black sheet metal pained black. 7 steel tubes, 12.5 diameter were 

embedded in the steel plate.  A one cubic meter supply tank was used to feed both 

collectors. 

Two identical basin type stills with pyramid-like-glazing-shape were made from different 

components that are assembled together. They are composed of the following: The 

absorbing basin plate is made of galvanized steel, scratched with sand paper, then painted 

black with matt type paint for maximum absorption. It is a pane of 96x96x7 cm
3
. There are 

three holes in the plate: for inlet, outlet and for installation of thermocouples inside the 

stills. The glazing was made of transparent window glass of 4mm thickness that is the 

same as used for windows. Four glass triangle sheets were assembled by silicon paste to 

form a pyramid shape glass cover for each still. The sheets are sloped 30º with the 

horizontal. Insulation materials were used to prevent heat losses from still to environment. 
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In the stills, two insulation types were used: 1- Polystyrene of 5cm thick to insulate the 

bottom. 2- Rock wool of 0.0346 W/mCº thermal conductivity to insulate the edges of the 

stills. 

The constant head tank is a level control tank, made of plastic that is normally used as 

expansion tank in heating systems. It was used to guarantee that the water level in the stills 

does not exceed the level of 50 mm. Its size is 50 liters and its dimensions are 47x47x50 

cm. The pipes used to connect the various parts of the system are 16mm Pex pipes. They 

are easier to install and do not corrode. 

A Pyranomter, Kipp and Zonen type CMP10 BASIS along with Kipp and Zonen type 

logbox SE data logger were used for taking specific solar radiation readings in various 

hours synchronized with the readings of the temperatures.  

A data acquisition hardware named Arduino uno was used along with thermocouples was 

used to measure temperature at various points in the system. Arduino uno is electronic 

device that can be programmed to take readings from different measuring devices. The 

type of thermocouples used is called digital thermocouple 

4. Results and Discussion 

The measured data and the needed calculations are introduced herein for 24 hours in which 

the experiment was carried out for the two systems. Fig 4 shows  the variation of the 

efficiency of the system without augmentation for 29/7/2018. Fig. 5 shows the productivity 

for the same day. 

 

      Fig. 4 Efficiency of the still vs. time without augmentation during one day (29/7/2018) 

 

    Fig. 5 Productivity of the still vs. time without augmentation during one day (29/7/2018) 
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Fig. 6 shows various temperatures for the same day (29/7/2018)  

 

          Fig. 6  Various temperatures of still surfaces and flows for the day (29/7/2018)  

 

Fig. 7 shows the efficiency of the still augmented with evacuated tube collector for the day  

of 27/7/2018 

 

 
Fig. 7 Efficiency of the still augmented with evacuated tube collector for the day of  

          27/7/2018  

Fig. 8 shows the productivity of the still augmented with evacuated tube collector for the 

day of 27/7/2018 

  
Fig. 8 Productivity augmented with evacuated tube collector for the day of 27/7/2018. 
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Fig. 9 shows efficiency vs. time for still augmented with flat-plate collector for the day of 

29/7/2018. 

 

Fig. 9 Efficiency vs. time for the still augmented with flat-plate collector for the day of  

           29/7/2018. 

Fig. 10 shows productivity vs. time for still augmented with flat-plate collector for the day 

of 29/7/2018. 

 

Fig. 10 Productivity vs. time for still augmented with flat-plate collector for the day of 

29/7/2018. 

 

Fig. 11 shows temperature versus time for various still surfaces and flows inside the still 

augmented with flat-plate collector for the day of 29/7/2018.                         
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Fig. 11 Temperature vs. time for various still surfaces and flows in the still augmented with 

flat-plate collector (29/7/2018) 

 

Observing Figurs 6 and 11 for plate temperature Tp, it may be noticed that it  continuously 

increase through time, rapidly increasing through early stages of the day until the afternoon 

(14.00 hours). The decrease of temperature after late solar noon is due to the loss in energy 

stored in water before solar noon. In evacuated tube system, the temperature decreased 

when heat loss became more than the heat added from solar radiation and heat stored in 

water and still without augmentation. 

It was noted that the amount of distilled water increases to have a maximum value at 1pm 

to 2pm. This is due to variation in solar intensity and ambient temperature. It was noted 

from Figures 8 and 10 that the daily water production of still augmented with flat-plate 

collector was 2485ml which is 5.23% less than that of evacuated tube augmentation which 

is 2615mL. Both still augmentation schemes increased production of the system. The flat-

plate collector increased production by 306mL (7.62%) over that of no augmentation. The 

evacuated-tube system has a higher production, over that of the flat-plate system by about 

14%. 

The reason why the evacuated-tube system has higher production than the flat-plate system 

comes from the nocturnal (during night) production at evening which is due to the hot 

storage tank in the evacuated tube system. During that period, the heat storage capacity of 

the system is manifested. That means more heat is stored to raise the temperature of the 

still to produce more vapor without solar energy input. 

Comparing Figures 7 and  9, it was found that the efficiency of the augmented flat-plate 

system (17.96%) is higher than that of the augmented evacuated-tube system (17.85%) 

considering only day time, though the overall efficiency of evacuated tube is higher due to 

higher production. Yet, the productivity of the evacuated-tube system is higher than the 

flat-plate system due to vacuum available in the tubes to insulate water from environment 

and due to cylindrical shape of the tube that allows increasing heat absorption at various 

radiation angles of incidence. The wavy pattern that characterizes most of the curves,      
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especially Figures 7 and 8 is an indication of discontinuity of flow of hot water from the 

collector and/or the hot water storage tank to the still. The main issue regarding the 

evacuated tube is that the cylindrical tank which is located on top of the evacuated was 

filled with hot water, but no hot water was provided from the exit of the cylinder to the still 

at certain times. 

One last remark to be made about the efficiency of the simple still system without 

augmentation, Fig. 4, which indicates that it has the highest efficiency of all (21.61%), 

which is not far from the average still efficiencies in the literature. However, its limited 

productivity (2309 ml/m
2
.day) that has led to augmentation in the first place.  

 

5. Conclusions  

1. Regarding flat-plate collector augmentation, it was found that the daily water production 

is 2485ml which is higher than that of the still with no augmentation by 7.62%. 

 

2. Regarding evacuated-tube augmentation, it was found than the daily water production is 

2615ml which is larger than that of the still with no augmentation by 13.25%. 

 

3. The daily water production of the evacuated-tube system (2615ml) is larger than that for 

the flat-plate system (2485ml) due to vacuum insulation in collector`s pipe and due to the 

tubes cylindrical shape. 

 

4. The production overnight of the evacuated-tube (380ml) system is larger than the flat- 

plate system (280ml) by 35.7% and that’s due to heat capacity effect on evacuated-tube 

system. 

 

5. The daily overall efficiency of evacuated-tube system is larger than that of flat -plate 

system because of better insulation of collector’s tubes due to vacuum in the tubes and 

because of the cylindrical shape of the glass tubes. 
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