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ABSTRACT: The productivity of a double slope solar still coupled with or without a parabolic trough collector 

is checked. A variety of steps are being taken to improve the efficiency of the solar still. Using wax as a phase 

change material (PCM) in a parabolic trough collector is a good way to store thermal energy. A parabolic trough 

collector (PTC) transferred incident energy to the solar still through a water tube connected to a heat exchanger 

filled in wax in the double slope solar still (PCM). Experiments were carried out after the orientation was set, with 

the water depth in the basin kept at 20 mm. The results show that solar stills with Parabolic Trough Solar Collector 

have higher temperatures and efficiency than solar stills without Parabolic Trough Solar Collector, as well as the 

ability to store latent heat energy in solar stills to ensure a constant supply of fresh water even after sunset. 

According to experimental results, the effect of the trough parabolic collector Parabolic Trough Solar Collector 

with PCM in the solar double slope enhances productivity by 40.7 and 38.93 percent, respectively. 
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INTRODUCTION 

The civilized life is effected by energy and water. The pure water availability can create serious crisis around the 

world, contaminated waters can create serious diseases. The solar stills are environmental solution to create pure 

water [1]. water volumetric heat capacity increases as water depth increases, which decrease the temperature of 

water. The heat stored in the water mass is released during the absence of sunshine and production is uniform and 

continuous even during night [2]. In a study, paraffin wax was used in the solar still. The daily fresh water 

productivity was 4.51 l/m2/day without using paraffin wax and  7.54 l/m2/day by using paraffin wax in the solar 

still. The productivity was enhanced 60 % by using paraffin wax in the solar still [3]. Solar still with a single slope 

was studied experimentally, it was concluded that the efficiency increases as the depth of water due to the effect 

of heat storage [4].  The output from solar still can be extended by the influence of storage heat energy [5]. solar 

still with extra basin improves the efficiency by 85% at the same conditions, this was improved theoretically and 

experimentally [6]. evacuated tubes collector was studied with the solar still and it was found that 4.04 % exergy 

efficiency and 34.39 % energy efficiency were produced [7]. An experimental study to investigate the effect of 

water depth in the solar still. The dimensions of the length and height of steps were designed to make an angle of 

20°, which was equal to the glass cover inclination angle. They observe that the productivity solar still is higher 

with less water depth [8]. Impact lesson of atmospheric conditions various on solar distillation system by fuzzy 

sets. The study indicated that solar intensity, water depth, ambient temperature, wind speed, sprinkler, integrate 

collector, solar concentration affect on productivity of solar still [9]. Shallow solar pond was joint with solar still, 

it was established experimentally and theoretically that the productivity was raised from 3.17 l/m2 day to 5.09 

l/m2 day [10]. Experimental and numerical investigations was performed to study the efficiency of electrical and 

mechanical systems of air conditioners. It was found that utilizing solar air conditioners decreases the COPU, 

COP, condenser capacity, and cooling capacity [11-17]. 

EXPERIMENTALLY 

The teste system was set up at the Kufa University in Najaf, Iraq (latitude 32'026"N, longitude 44'37"E). 

The test system Components. 
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The test device include solar still with two double slope, one without Parabolic Trough Solar Collector and the 

other with Parabolic Trough Solar Collector, as seen in the photograph (1). The solar still Contains of the two 

basins are made of galvanized iron sheets that have been painted black and are not shiny. They are 1.5mm thick 

and have the same measurements of 1.0m width and 1.5m length, but vary in height. Microcrystalline wax was 

used as a phase change material (PCM) as a heat storage medium in first basin. The characterstics of the wax used 

are described in Table (1). Which are provided by the wax provider. The wax basin of  0.04 m deep and holds 42 

kg of PCM. Also second wax basin covers a heat exchanger submerged in it as shown in Photograph (2-A,B). The 

heat exchanger pipe is made of copper tubing with a diameter of 11.28 mm and a length of 16 m, and it is mounted 

1 cm above the wax basin's bottom. The Second water basin of 0.10 c m height was placed over the wax basin 

and sealed with silicone in order to prevent any heat leakage .it filled by saline water and to maximize the basin's 

absorptivity of solar radiation, all of the basin's internal surfaces are covered with black paint materials. In order 

to prevent heat loss from the basins bottom and side walls  to the environment, thermal insulation have been used,  

In the present work use glass wool  insulation of 25 mm thickness, and 0.040 (w/m.k) thermal conductivity , the 

choice of insulation type are necessary to improve thermal performance and must be have low thermal 

conductivity, light weight, available, inexpensive and easy fabricated. also surface bottom and side walls to the 

basins  was fitted within a 0.03m thick wooden frame with dimensions of 1.70m length, 1.15m width, and 0.24m 

height An insulating polyurethane foam layer is used to fill the gap between the basins and the wooden frame. 

Both sides are supported by wooden frames sealed with silicone material to avoid any leakage between the basin 

box and the glass cover. The top is covered with two glasses of thickness 4 mm inclined at 32°. Najaf city south-

north was set as the direction of the solar still for maximum solar intensity. The condensed fresh water was 

collected from the glass walls base by reinforced plastic channel; the condensed water is continuously drained 

through flexible hose and stored in a measuring jar. For every experiments the fresh water that was condensed 

was compensated by saline water placed in a tank at the top of the basin.  

 

 

Photograph 1. The experimental system. 

 
(A) 

 
(B) 

Photograph 2. A) Basin wax with heat exchanger.   B) Basin wax without heat exchanger 
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Table 1. Properties of used Microcrystalline wax 

Properties Unit Value 

congealing point °C 60-66 

Melting Temp °C 70-75 

Liquid Density  (ρ) kg/m3 900 

Solid Density (ρ) kg/m3 930 

Thermal Conductivity (K) W/m k 0.26 

The used Parabolic Trough Solar Collector consists of parabolic solar concentrator used as a reflector, which 

concentrates solar radiation on the receiver tube as indicated in a photograph (3). The parabolic solar concentrator 

is manufactured from reflective SSS, which has the length of 2 m, 1.06 m aperture and 0.5 mm thickness with the 

focal length of 0.266 m.  The receiver tube include an absorber type SUS304  pipe 2m long and 0.04 m diameter 

and  3 mm thickness that is painted With anti-reflective coating to absorb the highest amount of incident solar 

radiation. High Borosilicate Glass was used to cover the 10 cm diameter evacuated tube 1.9 m long. The south 

was used as the direction for orientation for the fixed Parabolic Trough Solar Collector with Najaf, Iraq latitude 

tilt angle. The receiver tube heated water was transmitted through plastic tubes to the solar still wax basin using 

heat exchanger. Low thermal conductivity plastic was used to make the plastic tubes, which was placed outside 

for the heated water to loss its heat. The hot water was pumped at 0.75 L/min by small pump.  

 

 

Photograph 3. The parabolic trough collector. 

EXPERIMENTAL MEASUREMENTS 

During the month of October 2020, the experimental measurements were conducted from 9:00 a.m. to 4:00 p.m. 

for two days. Temperature measurements at various locations on the solar still provide useful information and 

explanations about the still's results, During the experimental work, temperature outside glass cover of south and 

north (Tgs), ( Tgn), saline water (Tw), temperatures of ambient air (Ta), surface basin water (Tsb),  water steam 

(Ts), and temperatures of water temperature at the inlet basin wax  to heat exchanger from Parabolic Trough Solar 

Collector  (Tpo), water at inlet the Parabolic Trough Solar Collector ( Tpi), and water at the outlet from basin wax 

(Twax-o) ,and temperature wax (Twax), surface basin wax (Tswax)  was taken at the same time. The glass 

temperature was calculated on the south and north facing glass walls because they have a greater impact on solar 

still output than the other sides. The temperature of the saline water was determined at a distance of 1cm from the 

basin's rim. K-type thermocouples were used to calculate the temperatures, and the thermocouples' outputs were 

registered. Mult-Channel Temperature Meter (AT4532) modular programmable logic control .Tracking system to 

solar tracker using to be suitable for solar tracking from south to north to collect as much solar radiation as 

possible, Also A Digital Solar Power Meter was used to measure the strength of solar radiation (I). Throughout 
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all of the tests, the water flow rate was kept steady at 0.75 L/min. In a balanced flask, condensed freshwater was 

stored. The measurements were taken at a depth of 20 mm in salt water. Every 30 minutes, the temperatures and 

solar intensity were measured and registered at the same time. 

RESULTS AND DISCUSSIONS 

A number of practical experiments were conducted for both distillates used in the research for a period of two 

days in October. All experiments were almost similar in terms of thermal behavior, so some experiments were 

chosen to be represented graphically. Both the rate of condensation and the rate of evaporation of the salty water 

in the basin of the evaporated water in the humid air zone improve solar productivity. The most recent 

experimental work is done for the two solar still systems that were tested, a double slop solar still with PCM and 

a double slop solar still with PCM and tracked Parabolic Trough Solar Collector, as well as the depth of saline 

water in the basin, Dw (20mm ). From 9 a.m. to 4 p.m., measurements are taken and documented every 30 minutes. 

As a result, the aim of this research was to boost saline water evaporation by adding more heat from Parabolic 

Trough Solar Collector to a heat exchanger tube immersed in wax basin. 

Temperature 

All temperatures are calculated because calculating the temperature at various locations of the solar still provides 

useful explanations about the still's efficiency. Figure 1A depicts the evolution of ambient air temperatures (Tamb) 

and intensity (I) over time for solar stillness. without Parabolic Trough Solar Collector at water depth 20mm.Fig.( 

1-A) indicates that the solar intensity and From the morning until around 12 p.m., the temperature of the ambient 

air rises, and then the solar intensity decreases. It is worth noting that the strength peaks about 12 p.m. While 

temperature ambient air increases until about 1:30 PM and then it becomes semi-stable and gradually decreases 

with time. Figs. (1-B). Shows the hourly temperature variations of basin water (Tw) ,basin surface (Tsb) ,PCM 

(Twax) and basin surface  to wax (Tswax)  for the solar still without Parabolic Trough Solar Collector . It is 

observed that all the temperature values follow an upward trend as the time and reaches the maximum value for 

(Tw),(Tsb) at 14 pm, and the maximum value for (Twax), (Tswax) at 16 pm, and then gradually decreases.The 

maximum temperatures for (Tw) ,(Tsb) and (Twax) for 2 October shown as follows (62.1,60.8 and 50.25)°C, and 

9 October (59,57.7 and 47.5) °C. In the starting of the experiment Microcrystalline wax (PCM) takes heat from 

the absorber plate to the solar radiation fallen and its temperature gradually increase with time. After the solar 

radiation decreases, its temperature starts to decrease. PCM provides its stored heat to basin water and keeps the 

water warm during sun goes down period and distillation process continues to the next day. Figs. (1-C) shows the 

evolution of  water steam (Ts1,Ts2,Ts3,Ts4) where distributed vertically in different dimensions,  and south glass 

cover (Tgs), north glass cover (Tgn) . Figs. (1-C). Demonstrates that the temperatures water steam with time 

increased and is greater than the glass covers temperature (Tgs,Tgn) and which is consistent with the evaporation 

process' phenomena. They also show that the water steam temperatures (Ts4, Ts3) Near the surface of the southern 

and northern glass cover is greater than (Ts1, Ts2,) temperature. And greater than (Tgs,Tgn) temperature. The 

solar's efficiency is also influenced by the temperature differential (Ts-Ta), which causes condensation to increase 

as rises. Also the temperature of the saline water (Tw), which rises as the temperature rises, speeding up the 

evaporation process. All the parameters gradually decrease with the decrease of solar radiation intensity. 
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Figure 1. without Parabolic Trough Solar Collector in October, the evolution and solar strength at a water depth 

of 20 mm. 

Figs.(2-A,B) shows that the temperatures (Tw,Tsb,  Twax,Tswax, Ts, Tgs,Tgn) are similar to the trend of the solar still 

without Parabolic Trough Solar Collector. But , the The highest effective solar still temperatures are found in solar 

stills with monitored Parabolic Trough Solar Collector, while the minimum saline water, vapor, and wax temperatures 

are found in solar stills without Parabolic Trough Solar Collector. This means that the evaporation rate of the solar still 

with Parabolic Trough Solar Collector is higher than the evaporation rate of the solar still without Parabolic Trough 

Solar Collector. Figs.(2-A,B).illustrates the temperatures with time of saline water (Tw),  ,water basin surface (Tsb) 

,PCM (Twax) and wax basin surface (Tswax) ,steam (Ts1,Ts2,Ts3,Ts4), south glass cover (Tgs), north glass cover 

(Tgn)  for the solar still at saline water depth 20  . 

(C) 

(B) 

(A) 

2/10/

(A) 

9/10/

2020 

(B) 

(C) 
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As a result, for all studied systems, water evaporation is greater than solar evaporation without Parabolic Trough Solar 

Collector because air has a greater ability to hold vapor due the temperature. The current system used Microcrystalline 

wax PCM to absorb heat from the solar radition fallen  on water basin as well as from the parabolic trough collector 

Parabolic Trough Solar Collector by heat exchanger immersed of the PCM ,and than thereby increasing temperatures 

(Tswax), (Twax) , basin surface (Tsb), steam (Ts) and water (Tw),Also the PCM is  kept heat of Resulting by the solar 

radiation and the Parabolic Trough Solar Collector even with a decrease in the ambient temperature and solar intensity. 

Subsequently,  with a further decrease in solar intensity towards sunset, The PCM begins to releasing latent heat to  

basin surface (Tsb) in the still basin. Which  helps on hot the basin water to longer period Which leads to the 

continuation of the condensation process throughout even at night, And thus leads increase the productivity throughout 

the day and in the Even at night.The maximum temperatures for (Tw) ,(Tsb) and (Twax) for 2 October shown as 

follows (63.7, 62.6 and 58.8)°C, and 9 October (61.4,   59.3 and 55) °C. 

 

Figure 2. Evolution of temperatures for solar still with Parabolic Trough Solar Collector at water depth 20mm 

in Month October. 

PRODUCTION 

The output of fresh water from a double slop solar still with PCM and monitored Parabolic Trough Solar Collector 

is greater than a double slop solar still with PCM but no Parabolic Trough Solar Collector, as shown in Figs. 1 

and 2. (1-2). 

(B) 

(A) 

2/10/202

0 

(A) 

9/10/202

0 

(B) 
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Because of the decrease in solar radiation and the heat accumulated in the PCM, which was transferred by 

conduction through the basin to evaporate the water at a high temperature, the operating temperature was 

increased. Furthermore, the temperature rise observed in the still at 16:00 is due to heat emitted by the PCM. 

Fig. (3-A,B) Because the heat applied to the PCM by Parabolic Trough Solar Collector, the overall freshwater 

output in solar still with Parabolic Trough Solar Collector is better than in solar still without Parabolic Trough 

Solar Collector. This contributes to higher saline water temperature and hence a rise in condensation rates in solar 

still compared to solar still without Parabolic Trough Solar Collector, as previously discussed, This leads to an 

increase the productivity throughout the day and in the evening.In this work, influence of PCM with different 

designs of solar still with Phase change materials PCM and thermal energy storage materials play an important 

role to enhance the internal energy of the system. The PCM is also one of the methods to induce faster 

condensation inside the solar still. The Microcrystalline wax is kept heat even with a decrease in the ambient 

temperature and solar intensity,with towards sunset the PCM started to releasing latent heat into water in the still 

basin.The freshwater productivity  in the solar still without Parabolic Trough Solar Collector. It is (3440 and 2980) 

mI/day, and the solar is still using Parabolic Trough Solar Collector monitoring. 4840 mI/day and 4140 mI/day, 

respectively. This means that the total output of potable water from the solar still with tracked Parabolic Trough 

Solar Collector is higher than the total production of potable water from the solar still without Parabolic Trough 

Solar Collector for all systems, meaning that the solar still with tracked Parabolic Trough Solar Collector 

outperforms the solar still without Parabolic Trough Solar Collector. 

 

 

Figure 3. Variation of hourly freshwater productivity for solar still without Parabolic Trough Solar Collector 

and with Parabolic Trough Solar Collector at water depth 20mm in Month October. 

NOMENCLATURE 

PTC: Parabolic Trough Solar Collector. 

PCM: a phase change material. 

DSSS: Double Slope of Solar Still. 

Ta: surrounding air temperature (°C) 

Tsb: surface basin water temperature (°C) 

Tw: Water temperature filling the still (°C) 

Ts: steam temperature (°C) 

Tgs: glass cover temperature of the south side (°C) 

(B) (A) 
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Tgn: glass cover temperature of the north side (°C) 

Twax: temperature wax (°C). 

Tswax: surface basin wax temperature (°C). 

Tpi: temperature inlet water to receiver tube in the PTC (°C). 

Tpo: water exit temperature from receiver tube to the wax basin in the solar still (°C).  

I: solar radiation (w/m2). 

Dw: water depth.  

SSS: stainless steel sheet. 

CONCLUSIONS 

Experiments to improve solar still freshwater productivity have been performed, including a comparison of the 

results of the solar still without Parabolic Trough Solar Collector and the solar still coupled with Parabolic Trough 

Solar Collector using Microcrystalline wax (PCM) at a water depth of 20mm in October 2020.The results showed 

that. 

1- Increase the temperature of the basin water and wax, because the Parabolic Trough Solar Collector provides 

heat to the Microcrystalline Wax (PCM) by way of a water heat exchanger. And thus, the temperatures in the case 

of solar still with Parabolic Trough Solar Collector are higher than the temperatures of the solar still without 

Parabolic Trough Solar Collector. 

2- The overall daily productivity of the DSSS combined with the Parabolic Trough Solar Collector is greater than 

that of the DSSS without the Parabolic Trough Solar Collector. Daily freshwater yields for two selected days at 

20mm saline water depth are estimated at 3440 and 2980 mI/m2 for solar still without Parabolic Trough Solar 

Collector and at 4840 and 4140 mI/m2 for solar still with Parabolic Trough Solar Collector. 

3- The heat storage medium is a phase change material. It assists in supplying heat to the water basin in order to 

extend the condensation process. This also leads to increased productivity. 

4- The solar still with Parabolic Trough Solar Collector has the highest percentage increase in daily productivity 

compared to the solar still without Parabolic Trough Solar Collector, ranging between 40.7 and 38.93 %.  

REFERENCES  

[1] G.M. Cappelletti, An experiment with a plastic solar still, Desalination, Vol 142, pp 221–227, 2002.  

[2] T Rajesh and G.N. Tiwari, Effect of water depth on internal heat and mass transfer for active solar distillation, 

Desalination, vol 173, pp 187–200, 2005. 

[3] A.E. Kabeel,M. Abdelgaied, Improving the performance of solar still by using PCMas a thermal storage 

medium under Egyptian conditions, Desalination, 383, pp. 22–28, 2016. 

[4] Taghvaei, Hossein, Taghvaei, Hamed, KhosrowJafarpur, M.R., Karimi Estahbanati, M., Feilizadeh, 

Mansoor, Seddigh Ardekani, A. A thorough investigation of the effects of water depth on the performance 

of active solar stills. Desalination. vol 347, pp 77–85, 2014. 

[5] T. Arunkumar, D. Denkenberger, A. Ahsan, R. Jayaprakash, The augmentation of distillate yield by using 

concentrator coupled solar still with phase change material, Desalination, vol. 314, pp. 189-192, 2013. 

[6] T Rajaseenivasan, K Kalidasa Murugavel. Theoretical and experimental investigation on double basin 

double slope solar still. Desalination, vol 319, pp 25–32, 2003. 

[7] S.R., Kalbande, V.P., Khambalkar, Priyankanayak, Deshmukh, S.D., 2016. Development and evaluation 

solar still integrated with evacuated tubes. Int. J. Res. Appl. vol 4, pp 99–106. 



 A Double-Slope Solar Still With And Without A Parabolic Trough Solar Collector Investigated Using PCM 

166 

 

[8] M., Feilizadeh, M.R., Karimi Estahbanati, Ahsan, A., Jafarpur, K., Mersaghian, A. Effects of water and basin 

depths in single basin solar stills: An experimental and theoretical study. Energy Convers. Manag. vol 122, 

174–181, 2016. 

[9] O.O. Badran and H.A. Al- Tahaineh, The effect of coupling a flat-plate collector on the solar still 

productivity, Desalination, vol 183, pp. 137-142, 2005. 

[10] M.A. Eltawil, Z.M. Omara, Enhancing the solar still performance using solar photovoltaic, flat plate collector 

and hot air, Desalination, vol 349, 1–9, 2014. 

[11] H. M. Hussain, L. Habeeb, "Investigation on Solar Hybrid Cooling System with High Latent Cooling Load", 

Advances in Environmental Biology, vol 11, no 4, pp 24-36, 2017 . 

[12] H Laith, G Dheya, M Faez Abid, "Cooling Photovoltaic Thermal Solar Panel by Using Heat Pipe at Baghdad 

Climate", International Journal of Mechanical & Mechatronics Engineering IJMME-IJENS, vol 17, No. 06, 

2017 . 

[13] H Laith Jaafer, M Dheya Ghanim, M.AA Faez Abid, "Solar Panel Cooling and Water Heating with an 

Economical Model Using Thermosyphon", Jordan Journal of Mechanical and Industrial Engineering 

(JJMIE), vol 12, no 3, pp. 1-6, 2018 . 

[14] Aljabair Sattar, H Laith Jaafer, M.A Ameer, "Study the Effect of Diameter and Depth of Parabolic Dish 

Collector on the Concentration Ratio and Temperature Amount of Solar Tower Receiver", Journal of 

University of Babylon for Engineering Sciences, vol 27, No. 1, 2019 . 

[15] Aljabair Sattar, J.H Laith, M.A Ameer, "Experimental Analysis Of Parabolic Solar Dish With Radiator Heat 

Exchanger Receiver", Journal of Engineering Science and Technology, School of Engineering, Taylor’s 

University, vol 5, No. 1, pp. 473 - 454, 2020 . 

[16] S.M Hasan, A.A Amer, A. Atheer Raheem, H Laith, "Heat and mass transfer investigation in a single slope 

passive solar still using chemical additives", 1st AL-Noor International Conference for Science and 

Technology (NICST), IEEE Xplore: 23 March 2020. Sulimanyiah - Kurdistan Region- IRAQ, pp. 20-25 . 

[17] S.M. Hasan, M.AA Faez Abid, H. Laith Jaafer, "The Rooms Air Conditioning by Cooling the Conventional 

Water Tank Using Hot Summer Air and Solar Energy", International Journal of Heat and Technology, Vol. 

38, No. 2, pp. 472-478, 2020. 


