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Abstract: The scarcity of fresh water is a primary problem in remote re-

gions. Thus, an economical and related water distillation solar still coupled 

with a solar collector was designed and studied experimentally. This study 

aims to investigate and evaluate the performance of an active single-slope 

solar still (ASSSS) coupled with a solar evacuated tube collector (ETC) as 

the water heater. The results showed that the average distillate productivity 

of ASSSS combined with U pipe solar (ETC) was 1.085 l/m2 in December 

2020, but 3.12 l/m2 in August 2021. These quantities of the water distiller 

were higher than those of a passive solar distiller with a single slope 

(PSSSS). The average value of the water temperature increased using the 

ASSSS coupled with ETC in August 2021 at 79.1°C, whereas it was 71°C in 

August 2021 for PSSSS. These results indicate that the ASSSS is more effec-

tive than the PSSSS.   

 
 

1 Introduction 

 
Water purification can be proficient in various 

ways, including filtering and distillation. One of 

the most essential water purifying technologies is 

solar water distillation (Al-harahsheh et al 2018). 

The radiation of the sun, ambient temperature, and 

basin water depth are the most important factors 

affecting on solar still productivity and efficiency 

(Kabeel and El-Agouz 2011). Depending on the 

energy source, solar water distillers can be classi-

fied as active or passive systems (Gugulothu et al 

2015, Muftah et al 2014). Three elements deter-

mine the productivity of a solar still: environmen-

tal, operational, and design parameters. Solar  

radiation and ambient temperature are examples of 

ambient conditions. 

Sampathkumar et al (2012) tested the direct cou-

pling between an active solar still with evacuated 

tubes and a passive solar still. The results showed that 

the water temperature increased with time. The active 

and passive solar stills produced the highest hourly 

yields of 1.12 and 0.62 kg per day, respectively. Singh 

et al (2013) investigated a solar distiller combined di-

rectly with an evacuated tube collector and found that 

the water temperature reached the highest value of the 

basin at 80°C and that the yield decreased further as 

the water depth increased. Issa et al (2017) established 

an active solar water distiller structure integrated with 

a solar collector using ETC to study the effect of 

evacuated solar tubes. The results showed that the 
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maximum daily output production values for the 

active solar distiller using ETC and the passive 

water distiller were 3.6 and 1.4 kg/m2/day, respec-

tively.  

According to Singh and Al-Helal (2018), an 

outside heat source, such as an evacuated tube 

collector with a heat exchanger, is employed to 

provide thermal energy to the basin in an active 

solar distiller. The fluid in the heat exchanger loop 

could be water or another appropriate liquid. This 

raises the thermal resistance and lowers the still's 

total performance (Bhargva et al 2020). 

The objectives of this study are as follows: 

• To evaluate the yield productivity, water tem-

perature, and thermal efficiency of active or 

passive systems. 

• To study economically analyze of both systems. 
 

2 Materials and Methods 
 

2.1  Site and system description 

 

The system setup was installed at the Solar 

Energy Application Laboratory, Department of 

Agricultural Engineering at the Faculty of Agri-

culture, Ain Shams University, Egypt, located at 

31o 09 N, 31o 30 E, and the altitude is 7 m above 

the sea level.  In this study, two systems of solar 

stills were designed to compare the output water 

productivities and water temperatures of the solar 

distillation system. The experiment consisted of 

two systems:  

• The first one was a passive solar distiller with a 

single slope (PSSSS), illustrated in Fig 1-A. 

• The second one was an active solar distiller 

with a single slope (ASSSS) combined with a U 

pipe ETC illustrated in Fig 1-B. 

Two simple solar distillers of identical dimen-

sions were manufactured. Each of the solar stills 

was a square box basin with an area of 1 m2 

shown in Fig 1-C, D, Table 1 show the specifica-

tions of the solar stills. The inner surface of the 

basin of the stills was painted black to maximize 

the amount of solar radiation absorption. Saline 

water entered the basin through a saline water 

tank, which was located above the basin. A water 

tube connected the water tank to the entrance of 

the stills. The experiment started from 8:00 am to 

4:00 pm through the months October, December 

in 2020 and May, August in 2021. The water 

depth inside both basins was fixed at 1 cm. Fig 2 

shows the mechanical description for both sys-

tems. 

 

2.2  Measuring parameters and devices  

 

2.2.1 Measurements  

 

In each solar still, ten thermocouples were used to 

measure different temperatures such as those of the 

water (Tw), inner glass cover (Tgi), outer glass cover 

(Tgo), vapor (TV), inner black wall (Tbi), and outer 

black wall (Tbo). Fig 3 shows the location of the ther-

mocouples inside the solar stills. In addition, inside 

humidity (Hi), ambient temperature (TA), solar radia-

tion (RS), distillate output productivity (Pr), and total 

dissolved soils (TDS) were measured after and before 

distillation. The average values were obtained by cal-

culating the mean value of four readings for the pa-

rameters under study every 15 min for 1 hour. 

 

2.2.2 Calculations  

 

• Internal heat transfer 

 

The heat transfer process in a solar still can be 

broadly classified into internal and external heat trans-

fer processes on the basis of the energy flow in and 

out of the enclosed space according to Patel et al 

(2019). 

Heat transfer by radiation                

 

 _______________(1) 

 _____________  (2) 

where  

qr,w-g      amount of heat transfer by radiation from the 

water to the glass cover (W/m2). 

hr,w-g heat transfer coefficient by radiation from the 

water to the glass cover (W/m2.°C). 

Tw     water temperature (°C). 

Tgi     inner surface glass cover temperature (°C). 

σ       Stefan Boltzmann constant (5.67×10-8 W/m2 K4). 

εeff     effective emission between the water to the glass 

cover 

Heat transfer by convection 

 

_________________ (3) 

 ______________________(4) 

 _________ (5) 

 _________________ (6) 

 ___________   (7) 
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where  

qc,w-g   amount of heat transfer by convection from 

the water to the glass cover (W/m2). 

hc,w-g  heat transfer coefficient by convection from 

the water to the glass cover (W/m2.°C). 

ΔT  temperature difference between the water and 

the glass surface (°C). 

Pgi  partial vapor pressure at inner surface glass 

temperature (N/m2). 

Pw partial vapor pressure at water temperature 

(N/m2). 

Heat transfer by evaporation  

 

 ________  (8) 

 

where  

qe,w-g  amount of evaporative heat transfer from the 

water to the glass cover (W/m2). 

he,w-g   evaporative heat transfer coefficient from 

the water to the glass cover (W/m2.oC).  

Total heat transfer from the water to the glass 

Heat transfer by conduction between the inner and 

the outer glass cover 
 

 ___________ (9) 

 

where  

qcd,gi-go     amount of heat transfer by conduction 

from the inner glass cover to the outer glass cover 

(W/m2) 

Kg          thermal conductivity of glass (W/m.K) 

Lg           thickness of glass  

Tgi          inner glass surface temperature (°C) 

Tgo         outer glass cover temperature (°C)            

 

• External heat transfer 

 

Convection heat loss from the glass cover out-

er surface of the solar still to the atmosphere           

 

_____________  (10) 

 ________________ (11) 

 

where  

hc,g-a   convective heat transfer coefficient from the 

glass cover to ambient (W/m2.°C)  

qc,g-a  amount of convective heat transfer from the 

glass cover to ambient (W/m2)  

Tgo    outer surface glass cover temperature (°C)  

Ta      ambient temperature (°C) 

ν        wind velocity 

Radiation heat loss from the glass cover outer surface 

of the solar still to the surroundings        

 
__________________ (12) 

 _____________  (13) 

 

where  

Tsky  temperature of sky (oC) = Ta–6 

εg     emissivity of the glass cover 

Total top loss heat transfer 

 

   ________________ (14) 

 

Rate of convective heat transfer between the solar still 

basin and the water mass 

 

 _______________________(15) 

 

where  

hw    the convective heat transfer coefficient from the  

basin liner to the water 

Tb    basin temperature (°C) 

The rate of conduction heat transfer between the solar 

still basin to the atmosphere 

 

_____________________ (16) 

 

where 

qb    amount of heat transfer from the basin liner to the 

ambient (W/m2)  

hb    overall heat transfer coefficient from the basin 

liner to the ambient through bottom insulation 

(W/m2.°C) 

 

• Thermal efficiency of the solar stills 

 

The direct energy efficiency is given by the follow-

ing relationship, and the overall thermal efficiency of 

the passive solar still is determined by the following 

expression: 

 

 _______________ (17) 

 

where 

I(t)    intensity of solar radiation over the inclined sur-

face of the solar still (W/m2) 

mew    hourly output from solar still (kg/m2.h) 

LHw    latent heat of water (J/kg) 

Ab       area of the solar still basin 

The latent heat of evaporation is given in the  

following relation Gupta et al (2013). 
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(A) PSSSS (B) ASSSS coupled with ETC 

(C) (D) 

 

Fig 1. Schematic of (A) Passive solar still, (B) Active solar still 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 2. Mechanical description of the active and passive systems 
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Table 1. Characteristics of the solar still (SS) 

Parameters Value 

S
o

la
r 

st
il

l 
Area, m2 

Front height (cm) 

Back height (cm) 

Thickness (mm) 

Material 

Absorptivity of the basin (αb) 

Transmissivity of the basin (τb) 

Emissivity of the basin (ϵb) 

Reflectance of the basin (ϵb) 

Specific heat of the basin (Cpb) (J/kg K) 

Galvanized iron absorptivity 

Galvanized iron density (kg/m3) 

Galvanized iron thermal conductivity (kW/m K) 

Water depth (cm) 

Transmissivity of water (τw) 

Reflectance of water (ϵw) 

Absorptivity of water (αw) 

Glass wool density (kg/m3) 

Glass wool thermal conductivity (W/m k) 

Glass wool specific heat (J/kg k) 

1 

20 

78 

0.8 

Galvanized iron sheet 

0.90 

_ 

_ 

0.1 

490 

0.77 

7897 

72.7 

 

1 

0.95 

0.9 

0.05 

50 

0.042 

670 

G
la

ss
 c

o
v

er
 

Width (m) 

Length (cm) 

Thickness (mm) 

Absorptivity of the glass (αg) 

Transmissivity of the glass (τg) 

Emissivity of the glass (ϵg) 

Reflectance of the glass (ϵg) 

Specific heat of the glass (Cpg) (J/kg K) 

Glass density (kg/m3) 

Glass thermal conductivity (W/m k) 

1 

116 

6 

0.05 

0.9 

0.9 

0.08 

840 

2700 

0.78 

E
v

ac
u

at
ed

 t
u
b

es
 Outer tube glass diameter (cm) 

Inner tube glass diameter (cm) 

Length of the tube (cm) 

Thermal conductivity of glass (W/m k) 

Absorptivity (α) 

Emissivity (ϵ) 

Tube number 

5.8 

4.7 

1800 

0.74 

92% 

8% 

4 

H
ea

t 
ex

ch
an

g
er

 

Material 

Length (m) 

diameter 

Copper thermal conductivity (W/m K) 

Working fluid 

Specific heat of the water (Cpw) (kJ/kg K) 

Water density (kg/m3) 

Water thermal conductivity (W/m K) 

Copper 

7.5 

3/8'' 

385 

water 

4.18 

1000 

0.591 
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Fig 3. Location of thermocouples and heat transfer inside the solar stills 
 

 __ (18) 

 

Also, the overall thermal efficiency of the  

active solar still is given as follows: 

 

_______ (19) 

 

where  

AETC   area of evacuated tubes collector (m2) 

 

2.2.3 Evaluation using instruments 

 

The instruments used in this study are men-

tioned in Table 2 including their measuring func-

tions and accuracy.  

 

2.2.4 Economic analysis  

 

An economic study was done to estimate the 

annual price of the system per letter of output 

production (ac/l) in the current study using equa-

tions (4) to (10) in Kabeel and Abdelgaied (2017), 

as follows. 

Let P be the initial amount invested in the solar 

still with the interest rate “i” per year and “n” be 

the useful life of the solar still in terms of years 

for which the given solar still can perform. Then, 

the capital recovery factor (CRF) can be calculat-

ed from Eq. (20): 

 _____________________ (20) 

 

The first annual cost (FAC) is calculated using Eq. 

(21): 

 

 ____________________  (21) 

 

The sinking fund factor (SFF) is represented as fol-

lows: 

 

 _____________________ (22) 

 

Therefore, the annual salvage value (ASV) is given as: 
 

 _____________________ (23) 
 

where 

S the salvage value of the solar still. 

The total annual cost (TAC) of the solar still can be 

calculated by considering the annual operation and 

maintenance cost (AOMC) and the ASV as follows: 

 

  ______________________ (24) 
 ________________(25) 

 _____________________  (26) 

where  

M   output productivity produced by the solar still, (l). 

CPL annual cost per l of distilled water productivity, 

EGP/l. 
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Table 2. Instruments used in this study 

 

Instruments Measuring Function  Accuracy Variety 

Solar power meter 

TM-207 

Solar radiation 
±10 W/m2 or ±5% 0~1999 W/m2 

Temperature Humidity 

meter 

Steam temp. 

Inside humidity 
±1oС (- 30°С to + 40°С) 

Rt= -50°С to +70°С 

Rm= 0% to 99% 

Digital thermometer All temps. ±(0.2%+1°С) -50oС to 199.9°С 

Thermocouples K type Probe ±1.5°С -50oС to 250°С 

Waterproof EC/TDS 

Testers AD32 

Total dissolved solids  

electric conductivity 

±0.5°С 

±2%f.s. (TDS/EC) 

0~20 ms/cm 

0 to 10 ppt 

Calibrated flask Output productivity ±5 ml 0 to 1000 mL 

Manometer  
Water pressure inside 

serpentine 
±0.5 bar 0 to 20 bar 

Water flow meter 

Metrotec EGYPT 

Water flow inside  

serpentine 
0.0001 m3 0 to 1.6 m3/h 

 
3 Results and Discussion 
 

3.1 Variation of solar radiation and ambient 

temperature  
 

This study aimed to raise the PSSSS distillate 

water productivity using solar evacuated tubes 

which were indirectly combined with the inner 

basin of the solar stills.  The climatic conditions of 

the experimental site were solar radiation and am-

bient temperature. In this study, depending on the 

ambient temperature and solar radiation from Oc-

tober to December in 2020 and from May to Au-

gust in 2021, the average monthly values of solar 

radiation were 919.2, 796.6, 782, 947.3, 953, 960 

and 1031.3 W/m2, respectively as shown in Fig 4-

A. Meanwhile, the average monthly values of the 

ambient temperature were 37.4°С, 31.3°С, 28.4°С, 

39.8°С, 40°С, 40.1°С and 42.6°С as revealed in Fig 

4-B. For the active solar distiller, the flow rate of 

water in the heat exchanger was remained fixed at 

0.5 l/m. The performances of the active and pas-

sive solar distillers were verified at the same water 

depth of 1 cm and under the same climatic condi-

tions. 
 

3.2 Effects of solar radiation and ambient tem-

perature on the solar distiller productivity 
 

The solar distiller output depends on the ambi-

ent conditions of the site such as sun rays and am-

bient temperature. In Fig 5, the differences of in 

the average hourly values of the solar radiation 

and ambient temperature are shown with time 

through a random day in December 2020 and Au-

gust 2021. In Fig 5-A, the ambient temperature 

and solar radiation in December 2020 increased to the 

highest in the afternoon and decreased until 4:00 pm. 

The sun rays increased from 8:00 am to 12:00 pm and 

then reduced until 4:00 pm. the average highest and 

lowest values were 1039.5 and 413 W/m2 in the after-

noon and in the morning and evening, respectively. 

The ambient temperature had its average highest and 

lowest values at 33.2°C and 21.1°С, respectively.  

In Fig 5-B the ambient temperature and solar radia-

tion in August 2021 improved to the highest rate in the 

afternoon and reduced at 4:00 pm. The solar radiation 

gradually increased from 8:00 am to 12:00 pm and 

then reduced until 4:00 pm. It reached the average 

highest and lowest values were of 1189 and 260 W/m2 

in the afternoon and morning, respectively. The ambi-

ent temperature had its average highest and lowest 

values at 48.5°C and 29.4°С, respectively. 

The ambient temperature tended to decrease from 

October to December 2020 and increased from May to 

August 2021. Fig 6 shows the effects of the ambient 

temperature on the water temperature. The water tem-

perature decreased from October to December 2020 

and increased from May to August 2021. This showed 

that for the active solar distilled the average monthly 

temperatures of the water were 69.1°С in October 

2020, 58.1°С in November 2020, 53.5°С in December 

2020 and 69.4°С in May 2021, 72.7°С in June 2021, 

72.8°С in July, 79.1°С in August 2021. 

Fig 7 shows the variation in the average hourly 

values for the water temperature in both systems in 

December 2020 and August 2021, respectively. Fig 7-

A shows that in the active solar distiller the average 

water temperature was 22.8°C at 8:00 am and in-

creased up to 67.8°C at 12:00 pm, these then decreased  
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Fig 4. Average monthly values for the two systems (A) Solar radiation; (B) Ambient temperature 
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(B) 

 

Fig 5.  Average daily values of sun rays and ambient temperature for (A) December 2020, and (B) August 2021 
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Fig 6. Average monthly measured temperature of water for the two systems 

 

 

 

to 47.8°С at 4:00 pm. Meanwhile for the passive 

solar distiller the average water temperature was 

18.6°C at 8:00 am and increased up to 57.8°C at 

12:00 pm, then decreased to 41.1°С at 4:00 pm in 

December 2020. In addition to Fig 7-B showed 

that in the active solar distiller the average water 

temperature was 35.7°C at 8:00 am and increased 

up to 90.4°C at 12:00 pm, which then decreased to 

70.5°С at 4:00 pm. Meanwhile in the passive solar 

still the average water temperature was 32.6°C at 

8:00 am and increased up to 82.4°C at 12:00 pm, 

then decreased to 63.7°С at 4:00 pm in August 

2021. The water temperature increased for solar 

active distiller from that of a passive solar distiller 

by 15% in December 2020. While in August 2021 

the water temperature was increased for the active 

solar distiller from that of the passive solar distill-

er by 14%. 

Fig 8-A, B shows the variation of all measured 

parameters used to evaluate the performance of 

these stills. The average ambient temperature, av-

erage solar radiation, the temperature of the aver-

age inside wall of the still, outside wall, steam, 

inside glass cover, outside glass cover and ETC in 

December 2020 were obtained. In addition to all 

measured parameters such as the average ambient 

temperature, average solar radiation, the tempera-

ture of the average inside wall of the still, outside 

wall, steam, inside glass cover, outside glass cover 

and ETC in August 2021. The shape of solar radi-

ation and the variation of the temperature curve 

were very much similar to the expected theoretical 

curves for a clear day. In addition, the results 

showed that the measured temperatures such as 

those of water, steam, inner and outer wall of the 

still, inner and outer glass covers increased in the 

morning to reach the highest value before it began to 

decline at 4:00 pm. The same performance was exper-

imental for the shape of the sun rays during the study. 

Fig 9 shows the variation of the average monthly 

productivity (amount of distilled water) in the months 

of October, November and December 2020 and May, 

June, July and August 2021 for the two still systems. 

It shows that the output distiller productivity reached 

its minimum value in December 2020 for ASSSS and 

PSSSS recording 1085 and 810 ml/m2, respectively 

through 6 h. the output distiller productivity reached 

its maximum value in August 2021 for ASSSS and 

PSSSS recording 3120 and 2240 ml/day respectively. 

Meanwhile, the average increasing percentage reached 

through in October, November and December 2020 at 

39%, 35% and 34%, respectively.  It then reached 

33%, 30%, 34% and 39% in May, June, July and Au-

gust 2021, respectively.   

The average hourly output productivities for the 

active and passive solar distillers during the day from 

8:00 am to 4:00 pm in December 2020 and August 

2021 are shown in Fig 10, Fig 10-A shows that in De-

cember 2020, the average hourly output productivity 

for the active solar distiller reached 1085 ml/m2. It is 

higher than that of the passive solar distiller, which 

reached 810 ml/m2. Fig 10-B showed that in August 

2021, the average hourly output productivity for the 

active solar distiller reached 3120 ml/m2. This is high-

er than that of the passive solar distiller, which 

reached 2240 ml/m2. The main reason was that the rate 

of evaporation increased as the temperature of the wa-

ter and the sun rays increased. The output water 

productivity was collected through a day in August 

2021 for ASSSS and PSSSS. This showed an increase  
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(B) 

 

Fig 7. Average daily values of the water temperature and increasing percentage for both systems in (A) December 2020, 

and (B) August 2021 
 

(A) (B) 

(C) (D) 

Fig 8. Variation of the solar radiation and ambient temperature on (A) PSSSS and (B) ASSSS in December 2020 and 

(C) PSSSS and (D) ASSSS in August 2021 
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Fig 9.  Average monthly values of the yield productivity and increasing percentage for the two systems 

 

 

 

 
 

 

(A) 

 

 

(B) 

 
Fig 10. Average daily value of yield for both systems in (A) December 2020, (B) August 2021 
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Fig 11. Variation of the thermal efficiency through the study months 
 

in the amount of collected water at 8:00 am until it 

reached the highest yield around noon, matching 

the highest solar radiation and ambient tempera-

ture, and then decreased at 4:00 pm. The average 

increasing percentages were 34% in December 

2020 and 39% in August 2021. 
 

3.3 Effects of climatic conditions, water and 

inner glass temperatures on the thermal effi-

ciency of solar stills 
 

Fig 11 shows the thermal efficiency of PSSSS 

and ASSSS in different months (October, No-

vember and December in 2020) and (May, June, 

July and August in 2021). The thermal efficiency 

of the active solar still is lower than that of the 

passive solar still. Because of the higher operating 

temperature in ASSSS, the thermal energy loss 

increases. Hence, despite its higher yield, the effi-

ciency of ASSSS decreases as compared with that 

of PSSSS. 
 

3.4 Economic study  
 

An economic study of the ASSSS and PSSSS 

systems is presented. The major advantage they 

effort is their zero solar energy cost. The total cost 

of the solar stills primarily involves the system 

setup, maintenance, and operation costs. The main 

determination of this study is to evaluate the eco-

nomic possibility of the water distillation system 

for producing fresh water in certain regions. The 

lowest average productivities from 8:00 am to 

4:00 pm can be valued at 2.83 and 1.98 l/m2 for 

the active and passive solar distillers, respectively. 

The economic study was being done to estimate 

the annual price of the system per liter of output 

production (ac/l) in the current study using equations 

(1) to (10) of Kabeel and Abdelgaied (2017). The  

approximate average productivity value for ASSSS in 

1 year can be estimated as 1253 l/m2/year. For the 

PSSS, the corresponding value is estimated as 944 

l/m2/year. For economic study calculations, the annual 

interest rate was assumed to be 12% for 10 years of 

useful solar still life, according to Kabeel and Abdel-

gaied (2017). The component cost and the annual cost 

calculations of the distillate output productivity of the 

ASSSS and PSSSS are 5405 and 2380, respectively. 

The annual cost /l of distilled water productivity 

EGP/L (ac/l) for ASSSS and PSSSS are 0.94 and 0.55 

EGP/L, respectively. 
 

4 Conclusions 
 

The most important results could be summarized as 

follows: 

• The U pipe ETC increased in output productivity 

throughout the study months. 

• Similar trends were noticed with the variation of 

the water temperature throughout the study 

months under the U pipe ETC. 

• The daily yield under all study months with the 

active solar distiller was increased by 35% which 

was more advanced than that of the passive solar 

distiller. 

•  The average water temperature through all study 

months with active solar distiller was increased by 

12% which was more advanced than that of the 

passive solar distiller. 

• From the investigation, the results showed that the 

modified solar distiller had a better performance 

than that of the passive solar distiller.  
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