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 Conversion of untreated water into drinking water using solar distillation technology can be 

considered as the most viable methods in the dry climate regions and remote areas. The 

productivity of solar stills influences by various conditions such as design, operational and 

environmental conditions. The current paper includes a practical investigation of the effects 

the climatic conditions on the fresh water production from modified single-slope solar still in 

Russia. Results analysis showed that the mechanism of heat transfer and mass transfer within 

the solar still depend on environmental parameters. The heat transfer coefficients have been 

gradually increased from the early morning after 08:00 am and reached the highest value at 

the noon then decrease gradually afternoon to reach the lowest value at 20:00 pm. The 

maximum value of coefficient of heat transfer by evaporation found to be 12.1 W/m2. K at 

17:00 pm on 19.06.2019, then 9.9 W/m2. K at 17:00 pm on 18.06.2019, and 2 W/m2. K at 

18:00 pm on 17.06.2019. Therefore, a noticeable improvement in the fresh water productivity 

from solar still has been observed with increasing solar radiation intensity, ambient 

temperature and decreasing relative humidity. The amount of production during a cloudy day 

was 287 ml/m2, 620 ml/m2 for a partial cloudy day and 950 ml/m2 during a sunny day.  
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1. INTRODUCTION 

 

By comparing solar energy with other energies, solar energy 

is clean, available, cheap and most importantly 

environmentally friendly [1]. Getting fresh drinking-water is 

very important to health, a basic populace's right and a 

component of an effective policy of populaces' health 

protection. Furthermore, potable water is important as health 

and the development affair at local, national and regional 

levels [2]. The freshwater scarcity is the main problem in the 

world which worsens with time [3]. Solar distillation is one of 

the most important applications which used to produce fresh 

water especially in the rural and remote areas, the latter uses 

simple techniques to convert salt or water to the freshwater, 

without fuel consumption [4]. Solar distillation technology, 

such as the mechanism of rain in nature, the solar radiation 

heats and evaporates basin water within solar still and 

separated it from dirt, salt and impurities and anything else, 

when water vapour temperature reduced, the latter returns to 

the liquid phase [5]. There are several conditions that have 

various affect the production of freshwater from solar stills 

such as operational, design and environmental conditions. The 

environmental conditions are difficult to control on it such as 

humidity, solar radiation intensity, ambient air temperature [6-

10]. Several researchers have studied the effect of 

environmental conditions on the performance and productivity 

of solar distillers. Recent study [11] reported that the solar still 

productivity increases with increasing solar radiation intensity, 

ambient temperature and wind speed. Another study [12] 

found that the rate of distillation increases with increasing 

solar radiation and ambient temperature, however, the higher 

wind speed leads to decrease the condensation and evaporation 

processes. The objective of the current study is to investigate 

the productivity of a modified single-slope solar distillation 

under variable climatic conditions according to the climatic 

conditions of Yekaterinburg city / Russia. 

 

 

2. GOVERNING EQUATIONS  

 

According to first law of thermodynamic the thermal 

analysis for the new design considering the energy balance for 

main parts are present as follows: 

 

2.1 Plexiglas cover, pg 

 

The summation of energy absorbed by Plexiglas cover from 

solar radiation and water basin by convection, evaporation and 

radiation are equal to the rate of energy stored by Plexiglas 

cover plus the rate of energy transferred from the Plexiglas 

cover to the atmosphere as follows [13]: 

 

𝐼(𝑡) ×  𝛼𝑔 × 𝐴𝑔 + 𝑄𝑐,𝑤−𝑔 + 𝑄𝑟,𝑤−𝑔 + 𝑄𝑒,𝑤−𝑔

= 𝑚𝑔 𝑐𝑝𝑔
.
𝑑𝑇𝑔

𝑑𝑡
+ 𝑄𝑟,𝑔−𝑠 + 𝑄𝑐,𝑔−𝑎 

(1) 

 

where, 𝐼(𝑡) intensity of solar radiation W/m2, 𝛼pg is fractional 

solar flux absorbed by the glass cover, Apg is the Plexiglas 

cover area m2 (𝑄𝑐,𝑤−𝑝𝑔 is the water- Plexiglas convection heat 

transfer (𝑊 ), 𝑄𝑟,𝑤−𝑝𝑔  is the water-Plexiglas radiation heat 

transfer (𝑊), 𝑄𝑒,𝑤−𝑝𝑔 is the water- Plexiglas evaporation heat 
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transfer(𝑊), mg is the mass of Plexiglas cover (𝑘𝑔), 𝑐𝑝𝑔
 is the 

heat capacity of the Plexiglas cover (𝐽/𝑘𝑔. 𝐾), 𝑑𝑇𝑝𝑔  is the 

temperature difference between water and Plexiglas surfaces 

(℃), 𝑄𝑟,𝑝𝑔−𝑠 is the rate of heat transferred by radiation from 

Plexiglass cover surface to the atmosphere (𝑊) and 𝑄𝑐,𝑝𝑔−𝑎 is 

the rate of heat transferred by convection from Plexiglass 

cover surface to the atmosphere (𝑊). 

 

𝑄𝑐,𝑤−𝑔𝑖 = ℎ𝑐,𝑤−𝑝𝑔 × 𝐴𝑤 × (𝑇𝑤 − 𝑇𝑝𝑔) (2) 

 

where, Aw is the surface area of basin water (𝑚2), 𝑇𝑤 is the 

basin water temperature ( ℃ ), 𝑇𝑝𝑔  is the Plexiglas cover 

temperature (℃ ), ℎ𝑐,𝑤−𝑔𝑖  is coefficient of heat transfer by 

convection between the Plexiglas cover and the water, which 

is derived according to Dunkel’s relation [14]. 

 

ℎ𝑐,𝑤−𝑔𝑖 = 0.884 × [(𝑇𝑤 − 𝑇𝑝𝑔)

+
(𝑃𝑤 − 𝑃𝑝𝑔) × 𝑇𝑤

(268900 − 𝑃𝑤)
]1 3⁄  

(3) 

 

where, 𝑃𝑤  is the vapor pressure at water temperature, 𝑃𝑝𝑔  is 

the vapor at the glass temperature: 

 

𝑃𝑤 = 𝑒𝑥𝑝 (25.317 −
5144

𝑇𝑤 + 273.15
) (4) 

 

𝑃𝑝𝑔 = 𝑒𝑥𝑝 (25.317 −
5144

𝑇𝑝𝑔+273.15

) (5) 

 

𝑄𝑒,𝑤−𝑔𝑖 = �̇�̇
𝑤 × ℎ𝑓𝑔 = ℎ𝑒,𝑤−𝑝𝑔 𝐴𝑤  (𝑇𝑤 − 𝑇𝑝𝑔) (6) 

 

where, ℎ𝑒,𝑤−𝑔𝑖  is coefficient of heat transfer by evaporation 

between the Plexiglas cover and the water [14]. 

 

ℎ𝑓𝑔 = 2.4935 × 106(1 − 9.4779 × 10−4. 𝑇𝑤

+ 1.3132 × 10−7. 𝑇2

− 4.7974 × 10−9. 𝑇𝑤
3) 

(7) 

 

ℎ𝑒,𝑤−𝑝𝑔 = 16.276 × 10−3 ℎ𝑐,𝑤−𝑝𝑔 ×
(𝑃𝑤 − 𝑃𝑝𝑔)

(𝑇𝑤 − 𝑇𝑝𝑔)

 (8) 

 

𝑄𝑟,𝑤−𝑝𝑔 = 𝜀𝑒𝑓𝑓 . 𝜎. 𝐴𝑤 [(𝑇𝑤 + 273.15)4

− (𝑇𝑝𝑔 + 273.15)
4

] 
(9) 

 

𝜀𝑒𝑓𝑓 is the effective emissivity of water surface to the glass 

cover [15]:   

 

𝜀𝑒𝑓𝑓 =
1

(
1

𝜀𝑤
+

1
𝜀𝑔

− 1)
 

(10) 

 

where, the values of the constants will be 𝜀𝑤 = 0.96, 𝜀𝑝𝑔 =

0.88  

𝜎  is the Stefan Boltzmann’s constant taken as 5.67 ×
10−8 𝑊 𝑚2𝑘4⁄   

ℎ𝑟,𝑤−𝑝𝑔 is coefficient of heat transfer by radiation between 

the Plexiglas cover and the water as follows [16]:       

 

ℎ𝑟,𝑤−𝑝𝑔 = 𝜀𝑒𝑓𝑓𝜎 [(𝑇𝑤 + 273.15)2

− (𝑇𝑝𝑔 + 273.15)
2

]

× [𝑇𝑤 + 𝑇𝑝𝑔 + 546] 

(11) 

 

The Plexiglas-sky radiative heat transfer 

 

𝑄𝑟,𝑔−𝑠 = ℎ𝑟,𝑔−𝑠 × 𝐴𝑔 × [𝑇𝑔𝑜 − 𝑇𝑎] (12) 

 

where, the Plexiglas-sky radiative heat transfer coefficient, 

ℎ𝑟,𝑔−𝑠 is [16]:   

 

ℎ𝑟,𝑔−𝑠 = 𝜀𝑔 × 𝜎 × [
𝑇𝑝𝑔

4 − 𝑇𝑠𝑘𝑦
4

𝑇𝑝𝑔 − 𝑇𝑎

] (13) 

 

The sky temperature is: 

 

𝑇𝑠𝑘𝑦 = 𝑇𝑎 − 6.0  

 

The Plexiglas-ambient convection heat transfer 

 

𝑄𝑐,𝑝𝑔−𝑠𝑘𝑦 = ℎ𝑐,𝑔−𝑠 × 𝐴𝑔 × [𝑇𝑝𝑔 − 𝑇𝑎] 

ℎ𝑐,𝑝𝑔−𝑠𝑘𝑦 = 5.7 + 2.8𝑉   𝑓𝑜𝑟 𝑉 > 5 𝑚 𝑠⁄  

ℎ𝑐,𝑝𝑔−𝑠𝑘𝑦 = 2.8 + 3𝑉   𝑓𝑜𝑟 𝑉 ≤ 5 𝑚 𝑠⁄  

(14) 

 

2.2 Basin liner, b 

 

The equation for the basin liner energy balance is: 

 

𝐼𝑆(𝑡) × 𝐴𝑏 × 𝛼𝑏 × 𝜏𝑔 × 𝜏𝑤

= 𝑚𝑏𝑐𝑝𝑏
∙

𝑑𝑇𝑏

𝑑𝑡
+ 𝑄𝐶,𝑏−𝑤

+ 𝑄𝐿𝑜𝑠𝑠,𝑏−𝑎 

(15) 

 

where, 

𝐴𝑏 is the basin surface area (𝑚2), 𝛼𝑏 is fractional solar flux 

absorbed by the basin plate, 𝜏𝑔 is the Plexiglas transmissivity, 

𝜏𝑤  is the water transmissivity, 𝑚𝑏  is the mass of basin 

(𝑘𝑔), 𝑐𝑝𝑏
 is the specific heat of basin plate (𝐽/𝑘𝑔. 𝐾), 𝑄𝐶,𝑏−𝑤 

is the heat transfer from basin liner to the water(𝑊), 𝑄𝐿𝑜𝑠𝑠,𝑏−𝑎 

is the total heat loss from the basin liner to the ambient air (W). 

 

𝑄𝐶,𝑏−𝑤 = ℎ𝑐,𝑏−𝑤 × 𝐴𝑏 × (𝑇𝑏 − 𝑇𝑤) (16) 

 

where, ℎ𝑐,𝑏−𝑤  is the coefficient heat transfer by convection 

from basin liner to the water (𝑊/𝑚2. 𝐾) 

𝑇𝑏  is the basin liner temperature (℃) [17]. 

 

ℎ𝑐,𝑏−𝑤 =
𝑁𝑢𝐿
̅̅ ̅̅ ̅. 𝐾𝑤

𝐿𝑏

 (17) 

 

where, 

 

{
𝑁𝑢𝐿 = 0.54 𝑅𝑎𝐿

1
4⁄

              (104 ≤ 𝑅𝑎𝐿 ≤ 107

𝑁𝑢𝐿 = 0.15 𝑅𝑎𝐿

1
3⁄

              (107 ≤ 𝑅𝑎𝐿 ≤ 1011
} (18) 

 

𝐾𝑤 water thermal conductivity (𝑊/𝑚. 𝐾), 𝐿𝑏 is the ratio of 

surface area to perimeter of the basin plate represents(m), 𝑅𝐴 

is Rayleigh number 
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𝑅𝑎 =
𝑔 × 𝛽𝑤 × 𝐿𝑏

3 × (𝑇𝑏 − 𝑇𝑤)

𝜐𝑤 × 𝛼𝑤

 (19) 

 

𝛽𝑤 is the coefficient of thermal expansion is given by: 

where, 𝜐𝑤 , 𝛼𝑤 , and 𝛽𝑤  are the kinematic viscosity (𝑚2/𝑠), 

thermal diffusivity 𝛼𝑤 =
𝑘𝑤

𝜌𝑤.𝑐𝑝𝑤
(

𝑚2

𝑠
) , and the thermal 

expansion coefficient of basin water 𝛽𝑤 =
1

𝑇
(

1

𝐾
). 

𝑄𝐿𝑜𝑠𝑠 the loss heat transfer between the basin plate and 

ambient air (𝑊). 

 

𝑄𝐿𝑜𝑠𝑠 = 𝑈𝑏(𝐴𝑏 + 𝐴𝑠𝑖𝑑𝑒𝑠) × (𝑇𝑏 − 𝑇𝑎) (20) 

 

The total loss of heat coefficient in the basin metal plate and 

other sides to the environment as following equation 

 

𝑈𝑏 = [
𝐿𝑖

𝐾𝑖

+
1

ℎ𝑡,𝑏−𝑎

]−1 (21) 

 

where, Li is insulation thickness (0.18 𝑐𝑚) and 𝑘𝑖  represent 

the thermal conductivity of insulation (𝑤/𝑚. 𝑘 ), 𝐴𝑏 bottom 

basin liner area (0.432 𝑚2) and 𝐴𝑠𝑖𝑑𝑒𝑠 sides basin liner area 

(0.28 𝑚2 ), ℎ𝑡,𝑏−𝑎  is the total heat transfer coefficient from 

basin liner to the ambient air (𝑊/𝑚. 𝑘). 

 

ℎ𝑡,𝑏−𝑎 = 5.7 + 3.8 × 𝑉𝑎 (22) 

 

where, 𝑉𝑎 is the wind speed (𝑚/𝑠) 

The hourly cumulative distillate water output, 𝑚𝑤 , for the 

conventional solar water distillery in ( 𝑘𝑔/𝑚2. ℎ𝑟 ) was 

obtained by the evaporation heat transfer coefficient ℎ𝑒,𝑤−𝑔𝑖 , 

multiplied by the difference between basin water temperature 

𝑇𝑤  (℃) and inner glass cover temperature 𝑇𝑔𝑖  (℃) and 3600, 

hence the results were divided by the average latent heat ℎ𝑓𝑔 

at average basin water temperature[18]: 

 

𝑚𝑤 =
ℎ𝑒,𝑤−𝑔𝑖 × 𝐴𝑏 × (𝑇𝑤 − 𝑇𝑔𝑖) × 3600

ℎ𝑓𝑔

 (23) 

 

where, 𝐴𝑏 is the basin plate area as (0.432 𝑚2) and ℎ𝑓𝑔 is the 

average latent heat in (𝐽/𝑘𝑔): 

Daily distillate per unit area; 

 

�̇�𝑤𝑑
= ∑ �̇�𝑤

24

𝑖=1

 (24) 

 

2.3 Basin water, w 

 

The energy balance in the water of basin is equal to 

summation of the energy of solar radiation and the thermal 

energy absorbed by convection minus the thermal energy 

stored in the basin water and thermal energy transferred by 

convection, evaporation and radiation to the inner side of the 

cover glass 

 

𝐼𝑠(𝑡) × 𝐴𝑤 × 𝛼𝑤 × 𝜏𝑔 + 𝑄𝑐,𝑏−𝑤

= 𝑚𝑤𝑐𝑤 (
𝑑𝑡𝑤

𝑑𝑡
) + 𝑄𝑐,𝑤−𝑔

+ 𝑄𝑟,𝑤−𝑔 + 𝑄𝑒,𝑤−𝑔 + 𝑄𝑓𝑤 

(25) 

𝑄𝑓𝑤: 𝐻𝑒𝑎𝑡 𝑡𝑎𝑘𝑒𝑛 𝑏𝑦 𝑓𝑒𝑒𝑑 𝑤𝑎𝑡𝑒𝑟  

 

𝑄𝑓𝑤 = 𝑚𝑒. 𝐶𝑝𝑤 . (𝑇𝑤 − 𝑇𝑎) (26) 

 

 
3. METHODOLOGY OF EXPERIMENTAL 

 

3.1 Fabrication of solar still 

 

Single-basin single-slope solar stills are the cheapest and 

most widespread of all currently available solar distillation 

systems, its main problem is low productivity. Therefore, in 

the current study a simple and inexpensive solar distillation 

system has been designed. Figure 1 shows a photograph and 

schematic diagram of the experimental setup of a single slope 

solar still with dimensions of 100 𝑥 50 𝑥 61.8 𝑥 26.6 𝑐𝑚 

consists of wooden frame of dimensions 100 𝑥 50 𝑥 10 𝑐𝑚 

and thickness of 0.18 𝑐𝑚 . A plexiglass cover (0.3𝑐𝑚 ) of 

dimentions 100 𝑥 50 𝑥 50 𝑥 14.8 𝑐𝑚  fixed on the wooden 

frame with single inclined to the horizontal (35 degrees). In 

order to form a transparent cover from all sides except the 

bottom and back the frame was opened in order to install the 

cover on both wooden frame and MDF wooden board 

100 𝑥 60 𝑥 0.18 𝑐𝑚 in the back side of solar still. The water 

basin with a dimensions of 94 𝑥 46 𝑥 10 𝑥 0.08 𝑐𝑚 has been 

coated with black colour to absorb maximum amount of solar 

radiation, the basin was installed on the base solar still with 

dimensions 100 𝑥 50 𝑥 0.18 𝑐𝑚, and then the solar still was 

closed by installing the top cover of the solar still. The inner 

surface of still covered by Aluminium foil with 0.03𝑐𝑚 

thickness. Plexiglass is fixed on the wooden frame by using an 

Aluminium channel to collect condensed water droplets 

through the plexiglass. The condensed water passed through 

the Aluminium channel to a gradient plastic cylinder installed 

at the bottom of solar still. All parts are fixed by silicone glue 

to prevent air leakage. A water tank is connected to the solar 

still via pipes to feed the solar still with seawater. The level of 

salt-water inside has been controlled by using a mechanical 

floater, in order to clean basin liner a hole was made at the 

bottom of the water basin and a globe valve was installed to 

drain brackish water. 

 

3.2 Measurement method 

 

Secure digital (SD) card data logger 4 channel K-

thermocouple device (model 88598) has been used to measure 

the temperatures at various places in the solar still such as 

basin liner (1), basin water (2), plexiglass cover surfaces (3) 

and vapour temperature within solar still (4). All 

thermocouples have been calibrated between (100-0℃). To 

measure the ambient temperature and relative humidity also, a 

humidity and temperature meter (GM1362) and thermometer 

mercurial have been used and placed at a height of 1 m from 

the surface level in the shade to protect it from the sun 

radiation or lights (5). A solar power meter device 

(TENMARS TM-207) units used to measure the solar 

radiation intensity in 𝑊/𝑚2 (6). Anemometer device (ut363) 

has been used to measure the wind speed (7) as shown in 

Figure 2. 

59



 

 
 

Figure 1. Photograph and schematic diagram of the experimental setup of a single slope solar still 

 

 
 

Figure 2. Schematic diagram of a measurement system 

 

Table 1 illustrated the error ratio which includes lists of 

error transaction measurements that have been verified for 

several experimental tests, the error ratio was calculated by 

using following relations: 

 

Table 1. Accuracy and error ratio of the measuring devices used in the current study 

 
Device Accuracy Error% 

SD data logger 
± 0.3% rdg 

-200 to 1370℃ 
0.1% 

Thermometer Mercurial/ 0-100℃ 1 ℃ 0.5% 

Humidity and temperature meter (GM1362)/ Humidity 5 to 

98% Temperature -10to 50℃ 

Humidity (3%), Temperature (± 

0.1 ℃) 

0.1% T 

0.1 % RH 

Solar power meter device (TENMARS TM-207)/ 0-200 w/m2 ±10 𝑊 𝑚2⁄  ± 0.38 

Anemometer device (ut363)/ 0-25 m/s ±5% rdg+0.5℃ 2.5% 
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𝐸𝑟𝑟𝑜𝑟% = (
𝑆. 𝐸

𝑋′
) × 100 (27) 

 

𝑆. 𝐸 =
𝑆

√𝑛
 (28) 

 

𝑆 = √
∑ (𝑋𝑖 − 𝑋′)2𝑛

𝑖−1

𝑛 − 1
 (29) 

 

𝑋′ =
∑ 𝑋𝑖

𝑛
𝑖=1

𝑛
 (30) 

 

where, S.E is the standard error, S is the standard deviation, 𝑋𝑖 

is the real measured values, 𝑋′ is the average of real measured 

values and n is the number of measurements. 

 

3.3 Experimental procedures 

 

The experimental tests were carried out at Ural Federal 

University of Yekaterinburg city/Russia in June 2019 during 

three typical days, and at different environmental conditions, 

cloudy, partly cloudy and sunny day. Current study consisted 

of two stages, first stage is the primer testing on the system, in 

order to evaluate performance and the possibility of the 

amendment in the designs in order to reach the best case. 

Second stage is an actual test of the system, which included 

the calculation of the average daily productivity of solar stills 

every one hour. The results have been compared at different 

environmental conditions, all tests were started at 8:00 am and 

continued until 20:00 pm (12 hours), the total number of tests 

was 12. 

 

 

4. ESTIMATE THE COST OF FRESHWATER 

PRODUCTIVITY 

 

The production cost of one liter of freshwater for a perfect 

day 19.06.2019 at the highest productivity improvement with 

a rotational speed of 0.5 rpm estimated as follows: 

The total cost of the fabrication of solar still C is equal to 

summing the fixed costs F and variable costs V [18]: 

 

 

𝐶 = 𝐹 + 𝑉 (31) 

 

where,   

 

𝑉 = 𝑛 × 0.1 × 𝐹 (32) 

 

Suppose the variable cost V is 0.05 F per year as a cost of 

periodic maintenance. 

n: Life expectancy for both solar stills are 10 years.  

Then the total cost for conventional solar still Table 2. 

 

𝐶 = 62 + 10 × 0.05 × 62 = 93 $  

 

The daily productivity from solar collector per unit area 

0.432 m2 was 0.95 L/m2, if assuming the solar still operating 

180 days in the year, therefore the total annual productivity 

during the work period 10 years for solar still is 1710 L. So, 

the cost of production of one littler of freshwater from solar 

still is 93 1710 = 0.054⁄ $. 

 

Table 2. Fabrication fixed cost for single slope solar still 
 

Unit Quality Cost 

MDF wooden board, 1.8 cm 2 m2 14 

Plexiglas cover 0.3 cm thickness 1.2 m2 15 

Galvanized iron sheet basin, 0.08 cm 1.5 m2 11 

Spray paint heat-resistant 2 pieces 3 

A mechanical float 1 piece 1 

Heat-resistant silicone glue 2 pieces 3 

Saltwater feeding system - 15 

Total cost - 62 

 

 

5. RESULTS AND DISCUSSION 

 

The current study has been used program (Origin pro 2018) 

to illustrate the effects of environment parameters on the 

performance and productivity of new design single slope solar 

still. Experimental weather data has been studied in detail, 

which included solar radiation density, relative humidity and 

ambient temperature. Figure 3 shows the experimental results 

taken for three typical days in Jun 2019, at different 

environmental conditions. It was obvious that the environment 

parameters depended strongly on the weather which is always 

variable and unstable in the Yekaterinburg city/Russia. Rarely 

the weather was clear and without clouds during the testing 

days. The weather data experimental study includes solar 

radiation density and relative humidity, ambient temperature. 

Early in the morning times, intensity of solar radiation and 

ambient temperature are relatively low while the relative 

humidity is relatively high. When it is approach noon, between 

13:00 pm and 15:00 pm, the rate of solar radiation increases, 

and then falls again in the afternoon. After a period of solar 

radiation reach to the ground area, it begins to transfer heat 

energy to the surrounding areas, so the maximum ambient 

temperature occurs around 14:00-15:00 pm and at the same 

time, the lowest value of relative humidity. Figure 3 (a) 

illustrate the relation between the time for each hour and solar 

radiation intensity, ambient and relative humidity for three a 

perfect day. It is observed that the highest solar radiation 

intensity was 1039 W/m2 at 14:00 pm, which recorded during 

a sunny day in 17/06/2019, then 900 W/m2  at 16:00 pm during 

a partial cloudy day in 18/06/2019 and the lowest value was 

478 W/m2 at 13:00 pm during a cloudy day in 19/06/ 2019, 

and the rate of solar radiation during 12 hours from 08:00 am 

to 20:00 pm was 711.69 W/m2, 438.69 W/m2 and 295.38 W/m2, 

respectively. The relation between the solar radiation and the 

ambient temperature proportional directly, and indirectly with 

relative humidity which means that when the intensity of solar 

radiation increases. The ambient temperature also increases 

while relative humidity decreases and vice versa. Figure 3 (b) 

shows that the largest value of the ambient temperatures was 

recorded 23.3°C at 15:00 pm in 19.06.2019, and 17.8°C at 

15:00 pm in 18.06.2019, while recorded at 15:00 pm 15.8°C 

in 17.06.2019. While the relative humidity values at 15:00 was 

35.2%, 39% and 42.8%, respectively as shown in Figure 3 (c). 

Figure 4 shows that the basin water temperature is affected 

by the climatic conditions. It can observe that the basin water 

temperatures increase with increasing solar radiation intensity 

and ambient temperature which corresponds to in the finding 

previous study [19]. The highest value of basin water 

temperature was recorded in 19.06.2019, which reached 48.6 

at 15:00 pm, followed by day 18.06.2019 which recorded 39.9 

at 16:00 pm, while on day 17.06.2019 it reached 30.5 at 16:00 

pm. The mechanism of heat transfer and mass transfer within 
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the solar still occurs in three forms, convection, radiation and 

evaporation. These mechanisms depended on environmental 

parameters. It was observed that the values of the heat transfer 

coefficient by convection, radiation and evaporation has been 

increased with increasing solar radiation intensity and ambient 

temperature and decreased the relative humidity. The heat 

transfer coefficients have been gradually increasing from the 

early morning after 08:00 am and reached the highest value at 

the noon and decreases afternoon gradually to reach the lowest 

value at 20:00 pm. 

 

 

 
(a) 

 
(b) 

 
(c) 

 

Figure 3. Relation between the time for each hour and (a) 

solar radiation, (b) ambient temperature and (c) relative 

humidity for three a perfect day in June 2019 

 

 

 
 

Figure 4. The basin water temperatures during three a perfect 

day in June 2019 

 

Figure 5 (a, b, and c) illustrate the relation between heat 

transfers coefficients (radiation, convection and evaporation, 

respectively) and time for each hour during three perfect days. 

It has been observed that, at various environment conditions 

the rate of coefficient of heat transfer by evaporation is greater 

than that by convection and radiation, which depended mainly 

on the rate of solar radiation and the ambient temperature. The 

largest value of coefficient of heat transfer by evaporation was 

12.1 𝑊/𝑚2. 𝑘 at 17:00 pm on 19.06.2019, then 9.9 𝑊/𝑚2. 𝑘 

at 17:00 on 18.06.2019, and on 17.06.2019 it was 2 𝑊/𝑚2. 𝑘 

at 18:00 pm. The reason for the improvement ratio in the 

evaporative heat transfer coefficient in 19.06. 2019 was due to 

increase the solar radiation and ambient temperature in 

comparison with the rest of the two days (partially cloudy and 

cloudy), so, the heat transfer mechanism within the solar still 

depends on the temperature difference between the basin water 

and a plexiglass cover. Therefore, when the value of solar 

radiation and the ambient temperature has been increased, the 

basin water temperature increased, and the rate of heat 

transferred by evaporation, convection, and radiation 

increased too. It was also observed from Figure 5 (d) that the 

total heat transfer coefficient for day 19 June was the largest 

value, then on day 18 June and the lowest on day 17 June 2019, 

and this confirms the fact of effected the environmental 

conditions on the heat transfer coefficients within the solar still. 

 

 
(a) 
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(b) 

 
(c) 

 
(d) 

 

Figure 5. Coefficients heat transfer values between basin 

water and Plexiglas cover during three a perfect day in June 

2019 

 

Figure 6 illustrates the amount of freshwater productivity 

per each hour during three a typical day. It is found that the 

productivity of the solar distillery is directly affected by the 

surrounding environmental conditions. The largest amount 

freshwater productivity was recorded in the sunny day 

19.06.2019 and at high ambient temperature and low relative 

humidity, which was 950 ml/m2 during 12 hours from 08:00 

am to 20:00 pm, in a partial cloudy day 18.06.2019 it was 

reach to 620 ml/m2 while the lowest rate it was during a cloudy 

day 17.06.2019 amounted to 285 ml/m2. The reason for the 

differences in the average daily production for three days is 

that the productivity of solar still is greatly affected by the 

intensity of solar radiation and the ambient temperature, which 

is similar to those found in the literature [20]. 

 

  
 

Figure 6. The fresh water productivity values during three a 

perfect day in June 2019 

 

 

6. CONCLUSION 

 

From the results of the present study, the following 

conclusion has been addressed: 

• Environmental conditions have noticeable impact on 

the daily production rate of the improved solar distillation; the 

highest rate of freshwater productivity was 950 ml/m2 in 19 

June 2019. 

• Increasing the solar radiation intensity with low 

relative humidity leads to an increase in the productivity of 

solar still. 

• The process of condensation is occurring due to the 

temperature’s differences between the water and glass cover 

(an increase of temperatures differences, that’s lead to increase 

of condensate process).  

Finally, the estimated production cost of one litter of 

freshwater from the new design single slope conventional 

solar still is 0.054 $ according to the harsh weather conditions 

of Russia, this cost is considered relatively acceptable if it is 

compared with the cost of production in regions with high 

levels of solar radiation intensity and ambient air temperature. 
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NOMENCLATURE 

 

PCM Paraffin wax 

g Glass 

C Total cost of solar still 

F Fixed cost of solar still 

V Variable cost of solar still 

n Life expectancy for solar still 

S Standard deviation 

SE Standard error 
  absorptivity 

R  reflectivity 

( )t  Transmissivity 

wT  Water temperature 

gT  Glass cover temperature 

bA  Solar still basin area 

( )I t  Total incident radiation 

,t w gh −  Total heat transfer coefficient between the glass 

cover and the water 

,c w gh −  Coefficient of heat transfer by convection 

between the glass cover and the water 

,e w gh −  Coefficient of heat transfer by evaporation 

between the glass cover and the water 

,r w gh −  Coefficient of heat transfer by radiation between 

glass cover and water 

,r g ah −  the total coefficient of heat transfer from glass 

cover to the ambient 

fgh  Latent heat of evaporation of water 

wP  Vapour pressure at water temperature 

gP  Vapour at the glass temperature 

wm  Mass transfer of water vapor 

wm  The amount of productivity of water distilled 

wdm  Daily distillate per unit area 

d   The daily efficiency of solar still 
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