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INTRODUCTION

Solar stills can be placed at each house for 
producing at least potable water. They are eco-
nomical and inexpensive, simple in design, and 
pollution free. Yet, there is a serious challenge 
that is associated with solar stills which is the rela-
tively small-amount of fresh water produced. The 
latter is affected by a set of factors that influence 
the evaporation rate inside stills system such as 
temperature and pressure. As the temperature of 
the system increases, more water evaporates from 
the surface of the water basin. Simultaneously, as 
the pressure of the system decreases, the satura-
tion temperature decreases which causes water to 
vaporize at a relatively low temperature [2].

Many endeavors have been made various 
experimental techniques to improve the perfor-
mance of solar stills utilizing. One of these tech-
niques is the use of nanotechnology in fluids to 
improve heat transfer properties. Heat transfer 
plays the main role in different applications; 
such as air-conditioning, power generation, and 
transportation. Since a good thermal conductivity 

performance is widely required for different ap-
plications, serious attempts were aimed to im-
prove the thermal conductivity of working flu-
ids. Nanotechnology attracts wide attention in 
this domain, as it directly affects the thermal 
conductivity of fluids. 

Sriram, et al. [11] assembled and tested a 
double slope-type solar still while maintaining a 
low pressure inside its system. By maintaining a 
low pressure inside the system, it was found that 
the distilled water production was enhanced by 
50.75%. Likewise, by utilizing a black cloth as 
a basin material, there was an increment in the 
distilled water production by 88.66%.

Badran, et al. [2] exhibited an experimental 
design for a basin-type solar still modified by 
vacuum while a low pressure was maintained 
inside the system by using a simple compressor. 
It was found that the accumulated purified water 
production for one day was 1.2 L/m2 with a distil-
lation efficiency of 15%.

Gnanadason, et al. [4] tested a single basin so-
lar still that is made of copper sheets. The still was 
modified by maintaining a low pressure inside its 

Journal of Ecological Engineering Received: 2018.10.30
Revised: 2018.12.01

Accepted: 2019.02.16
Available online: 2019.02.27

Volume 20, Issue 4, April 2019, pages 187–193
https://doi.org/10.12911/22998993/102966

Enhancing the Productivity of a Roof-Type Solar Still 
Utilizing Alumina Nanoparticles and Vacuum Pump

Eslam Mutlq1*, Mohammad Hamdan1, Jamil Al Asfar1

1 Mechanical Engineering Department, the University of Jordan, Amman 11942, Jordan

* Corresponding author’s e-mail: eslam92.mutlq@gmail.com

ABSTRACT
Unlike conventional fresh water producing systems, from saline or brackish water, the innovative solar water 
producing systems are efficient and effective. Experiments were conducted on two identical roof-type solar stills 
and simultaneously tested under the same weather conditions. One of these stills was modified by integrating a 
vacuum pump to lower the pressure inside while the other still was used as a reference unit. Different concentra-
tions of Al2O3 nanoparticles were chosen, 0.2%, 0.4%, and 0.6%, and used with water inside the modified still. It 
was verified that the modified still, without nanoparticles, yields 34.84% more production than the conventional 
still. In addition, the modified still with a 0.4% of Al2O3 nanoparticles produced the highest percentage of distilled 
water, 44.42% in comparison to the one without the use of Al2O3 nanoparticles, followed by 37.94% and 24.07% 
for 0.6% and 0.2% of Al2O3 nanoparticles, respectively.
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system. The result was a distilled water produc-
tion of 2.56 L/day. 

Elango, et al. [3] debated the impact of utiliz-
ing alumina, zinc oxide, iron oxide, and tin oxide 
nanoparticles on the purified water production for 
a single slope solar still. Alumina nanofluid has 
the highest purified water production compared 
with water only. In addition, the payback period 
of the still that contained alumina nanofluid was 
2.85 years.

Sahota and Tiwari [9] discussed the impact 
of utilizing different types of nanofluids on the 
purified water production for a double slope solar 
still. It was implied that the still produces a higher 
rate of purified water at different weather condi-
tions when utilizing Al2O3 nanofluid followed by 
TiO2 and CuO nanofluids compared with using 
water only. 

Sharshir, et al. [10] assessed the impact of 
utilizing flake graphite nanoparticles and water 
depth on the refined water production for a solar 
still. The result was that the refined water produc-
tion was improved by 50.28%. In addition, it was 
noted that the refined water production decreases 
as the depth of saline water increases.

Rufuss, et al. [8] assessed the impact of uti-
lizing copper oxide nanoparticles impregnated 
in phase change material (NPCM) on the per-
formance of the solar still. The copper oxide 
nanoparticles were impregnated in paraffin and 
utilized as a latent heat energy storage medium in 
the solar still. It was found that the solar still with 
NPCM improved the production of distilled water 
by 35% in relation to the still with PCM only. 

Abdelal and Taamneh [1] investigated the 
impact of utilizing various absorber plates made 
of carbon fiber/epoxy composites integrating ei-
ther carbon nanotubes or graphene nanoplatelets 
on the performance of a pyramid solar still. They 
used four pyramid-type solar stills and tested 
them under Jordanian climatic conditions. It was 
verified that impregnating 2.5% and 5% volume 
fractions of carbon nanotubes in the carbon fiber/
epoxy composites improved the distilled water 
production by 65% and 109%, respectively, com-
pared with the normal type of the absorber plate. 
In addition, integrating a 2.5% volume fraction 
of graphene nanoplatelets in the epoxy material 
increased the productivity of the still by 30%.

Haddad, et al. [5] studied the impact of utiliz-
ing a vertical rotating wick (VRW) on the pro-
ductivity of a basin type solar still. The enhance-
ment of the solar still productivity was introduced 

through a comparative study with and without 
using VRW in the still. It was found that utilizing 
VRW in the still during summer season improved 
the distilled water production by 14.72%, com-
pared with the conventional still (without VRW). 
During the winter season, the productivity of the 
still was enhanced by 51%, compared with the 
conventional still.

Kabeel, et al. [6] investigated the effect of 
adding nanomaterials to the black paint of the so-
lar still walls. They selected the cuprous oxide as 
a nanoparticles material and adding it to the black 
paint. The results showed that the distilled water 
production was enhanced by 25% at a volume 
fraction of 40% of cuprous oxide nanoparticles 
compared with the conventional still. In addition, 
the payback period was about 96 days for the 
modified still at a volume fraction of 10% of cu-
prous oxide nanoparticles compared with 89 days 
for the conventional still. 

The current study investigated the effect 
of using alumina nanoparticles under low pres-
sure on the productivity of a roof-type solar still. 
Two identical roof-type solar stills were assem-
bled and tested simultaneously, under the same 
weather conditions. One of these stills contained 
nanoparticles mixed with water and was modified 
by integrating a simple vacuum pump connected 
with a simple external condenser. The other one 
contained water only and had no modifications. 
Al2O3 nanoparticles were selected at the concen-
trations of 0.2%, 0.4%, and 0.6% and used with 
water inside the modified still.

EXPERIMENTAL SETUP

The main components used in this work are 
two roof-type solar stills, a data acquisition sys-
tem, a weather station, and a vacuum pump. Each 
one of both solar stills consisted of a glass cov-
er, internal galvanized iron sheets, and external 
galvanized iron sheets. Figures 1 and 2 show a 
schematic diagram for both conventional and the 
modified solar stills respectively; as indicated, the 
latter contains Al2O3 nanoparticles and is addi-
tionally connected to a vacuum pump to maintain 
a low pressure inside the still.

Four triangular glass plates were compound-
ed together forming a pyramid shape to cover 
the upper side of the still. This glass cover has a 
thickness of 6 mm. Each glass plate of the glass 
cover has a width of 50 cm, a height of 40 cm, and 
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a sloping angle of 47.1°. The 1.8 mm-thick inter-
nal galvanized iron sheets were compounded to-
gether forming a closed box with a base area (ab-
sorber area) of 0.16 m2 (0.4×0.4 m), and a height 
of 40 cm. Furthermore, the 0.9 mm-thick exter-
nal galvanized iron sheets were compounded to-
gether forming the outer surface with a base area 
of 0.25 m2 (0.5×0.5 m), and a height of 45 cm. 

A data acquisition system placed next to both 
solar stills was utilized to measure the tempera-
tures of the glass cover, vapor, and water for both 
stills. It was also used to measure the ambient 
temperature. In addition, a controller in the data 
acquisition system was connected to a pressure 
sensor placed inside the modified still. The role 
of the controller was to control the vacuum pump 
to be switched on and off depending on a certain 
pressure value. The pressure was maintained in-
side the modified still at 75 kPa. 

The production of distilled water was taken 
on an hourly basis during the daytime period and 
as an accumulated production during the night-
time period. The total production of distilled wa-
ter for each still per day constituted the daytime 
production plus the nighttime production.

RESULTS AND DISCUSSION

The first step in this work was to find the op-
timum concentration of nanoparticles that yields 
the maximum condensate. Figure 3 shows that 
the maximum daily production of fresh water 
(over 24-hours) was 1646.25 ml/m2 at a concen-
tration of 0.4% of Al2O3 nanoparticles, followed 
by 1474.375 ml/m2 and 1205 ml/m2 for 0.6% and 
0.2% concentrations of Al2O3 nanoparticles, re-
spectively. In addition,, the modified still without 
using nanoparticles yields 915 ml/m2 compared to 
596.25 ml/m2 produced by the conventional still.

Figure 4 shows the percentage enhance-
ment of applying vacuum inside the modified 
still compared to the conventional still. As can 
be seen from the figure that the use of vacuum 
technique improves the production of distilled 
water by 34.84%.

The percent increase in distilled water pro-
duction for the modified still with and without us-
ing Al2O3 nanoparticles was compared in figure 5. 

It is clear from the figure that the optimum 
concentration of Al2O3 nanoparticles that has 
the highest percentage is 0.4%. Consequently, 

Figure 1. A schematic diagram of the conventional still

Figure 2. A schematic diagram of the modified still
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in the remaining work, the concentration of 
nanoparticles used was 0.4%. 

Figure 6 shows a comparison between the 
hourly productions of distilled water for both 
modified and the conventional stills. In addition, 
it presents the hourly solar radiation over the 
daytime period.

It was revealed that the maximum hourly pro-
duction of fresh water by the modified still at a 
concentration of 0.4% of Al2O3 nanoparticles was 
232.5 ml/m2 obtained at 18:00.

As can be seen from the figure, the distilled 
water production by the modified still increased 
gradually to 62.5 ml/m2 at 11:00, and then it fell 
to 17.5 ml/m2 at 12:00. Afterwards, there were 
fluctuations until 15:00. Between 15:00 and 
17:00, there was a steady increase from about 
12 ml/m2 to 50 ml/m2. Then, the production 
amount rose dramatically reaching the maximum 

value of 232.5 ml/m2 at 18:00. This decrease in 
the productivity is attributed to the fact that the 
increase of the water vapor pressure inside the 
basin (due to the vaporization of water) will act 
negatively on the amount of evaporated water.

It is also noted that the production of fresh 
water during sunset was high for both solar stills. 
The latter can be explained by examining the 
distribution of both water and glass cover tem-
peratures for both stills over the daytime period. 
Figures 7 and 8 show temperatures of both water 
and glass cover for both modified and the con-
ventional stills, respectively. The figures illustrate 
that during the morning and afternoon, the tem-
perature of the glass cover was high and greater 
than that of water. During sunset, the temperature 
of the glass cover was lower than that of water. As 
a result, there was a higher condensation rate on 
the inner surface of the glass cover.

Figure 4: Percent increase in the production of distilled water for both modified and the conventional stills.

Figure 3: Total daily production of distilled water for both modified and the conventional stills.
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Figure 5: Percent increase in the distilled water production for the modi-
fied still at different Al2O3 nanoparticles concentrations.

Figure 6. Variations of distilled water production for both solar stills when us-
ing 0.4% of Al2O3 nanoparticles with the modified one.

Figure 7. Temperatures of both water and glass cover for the modi-
fied still at a concentration of 0.4% Al2O3 nanoparticles.
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COST ANALYSIS

The cost analysis for both systems is present-
ed in table 1. The use of 0.4% of Al2O3 nanopar-
ticles with the modified still yields a higher dis-
tilled water production than the conventional 
still, which justifies a higher investment. In ad-
dition, the payback period of the modified still 
is 2.76 years, which is shorter than that of the 
conventional still.

UNCERTAINTY ANALYSIS

Different parameters were measured during 
the experiments for evaluating the system perfor-
mance. The parameters include the temperature 
at different points of both stills (saline water and 
the glass cover), ambient temperature, the pres-
sure inside the modified still, solar radiation, and 
finally the amount of distilled water. 

Various specialized equipment was used to 
measure the parameters as accurately as possible. 
The temperatures were measured using LM35 type 
thermocouples (± 0.4 ̊ C) that were connected to a 

digital temperature indicator. A thin-film pressure 
transducer with a bar range (0–10) and an accura-
cy of ± 0.5% FS was used to measure the pressure 
inside the modified still. The total insolation was 
measured using a CMP11-L A pyranometer with 
a 0–4000 W/m2 range and a reading accuracy of ± 
2%. A 500 ml flask accurate to ± 5 ml was used to 
measure the hourly yield.

On the basis of the accuracy of each mea-
suring unit, the estimation of the uncertainty in 
measurements was carried out following the pro-
cedure explained by Kline and McClintock [7]. 
It was found out that the uncertainty in measure-
ments is about 2.33%.

CONCLUSION 

The effect of using Al2O3 nanoparticles under 
low pressure on the performance of the roof-type 
solar still was investigated. The main conclusions 
may be summarized as follows:
1. The performance of the roof-type solar still 

was enhanced when using Al2O3 nanoparticles 
under low pressure.

Figure 8: Temperatures of both water and glass cover for the conventional still.

Table 1: Cost Analysis for both modified and the conventional solar stills.

Factor Conventional still Modified still with 0.4% of Al2O3 
nanoparticles Unit

Fabrication Cost 280 450 US $
Yearly Usage 300 300 Days
Production Per Day 0.62125 1.64625 L/m2/day
Total Production 186.375 493.875 L/m2/year
Litre Price 0.33 0.33 US $/L
Total Cost Saved 61.5 162.98 US $
Payback Period 4.55 2.76 Years
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2. The optimum concentration of Al2O3 nanopar-
ticles that yields the maximum fresh water pro-
duction was 0.4%.

3. The maximum production of distilled water cor-
responds to the use of 0.4% of Al2O3 nanopar-
ticles with the modified still by an amount of 
1646.25 ml/m2 followed by 1474.375 ml/m2 
and 1205 ml/m2 for 0.6% and 0.2% of Al2O3 
nanoparticles, respectively.

4. The modified still, without nanoparticles, 
yields 34.84% more production than the con-
ventional still. 

5. The modified still with a 0.4% of Al2O3 
nanoparticles produced the highest percent-
age of distilled water, 44.42% in comparison 
to without using Al2O3 nanoparticles, followed 
by 37.94% and 24.07% for 0.6% and 0.2% of 
Al2O3 nanoparticles, respectively.

6. The cost analysis showed that the payback pe-
riod of the modified still with a 0.4% of Al2O3 
nanoparticles is 2.76 years, which is shorter 
than that of the conventional still.
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