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Abstract— A passive double basin solar still and active double 

basin solar still coupled with ETC in lower basin of solar still 

were studied in this paper. These solar stills were fabricated 

by similar materials and performed at same atmospheric 

conditions. The basin area of both the solar still was of same 

size (0.49 m2). The higher performance given by active double 

basin solar still over passive double basin solar still was due 

to the transfer of heat energy by ETC tubes to lower basin 

water of active still. The increase in energy efficiency by 42.10 

% and productivity by 48. 53 % with use of ETC in lower 

basin of solar still. 

Key words: Solar Still, Double Basin Still, Evacuated Tube 

Collector (ETC), Distillate Output 

I. INTRODUCTION 

Most of the earth’s surfaces (nearly 71 %) is covered with 

water but maximum of it is salty. Only a small part of it is 

available for human being. The requirement of water for 

domestic, agriculture and industrial purpose achieve by 

natural resources like lagoons, canals, ponds and 

underground water reservoir [1]. These resources are 

decreasing day by day as increasing in population, industrial 

demands and increasing areas of agriculture. There are many 

developing countries having deficiency of potable water. 

There are many health issues like typhoid fever, pyria, 

diarrhea etc. due to shortage of drinking water [2]. This 

increasing demands could be resolve by desalination of 

available impure water. The process of extracting salts and 

minerals from saline water by heating with the use of solar 

energy is commonly known as solar desalination. Solar 

energy is available everywhere and cost free. So utilization of 

solar radiation in solar still for water distillation is the best 

solution. 

II. SOLAR STILL 

The process in which fresh water is produced by heating of 

salty water with the use of solar energy is known as solar 

desalination and the device used for the purpose is called as 

solar still. These still have productivity about 2-3 litter/day 

[3]. Depending on number of basin used in a system it can be 

named as single, double and multi-basin solar still. A double 

basin still having two basins mounting one on another [4]. 

The working procedure of this still is same as simple solar 

still. The salty water inside the solar still gets evaporated by 

absorbing of solar heat energy. This evaporated water get 

condensed at lower surface of glass cover and slides down to 

water collector and collected in measuring containers. A 

studied of simple solar still for 0.54m2 area was explained by 

Samee et al. [5] the distillate yield of solar still was found to 

be 1.7 L/day and efficiency was nearly 30.56%. 

Experimentally performance of hypothetical stepped solar 

still integrated with water cooling over the glass surface was 

explained by El-Samadony and Kabeel [6] the increase in 

output 8.2 % when the water layer is flow over the glass 

surface. Theoretical and experimental study of double basin 

double slope solar still was explained by Rajaseenivassan and 

Murugavel [7] the variations in theoretical and experimental 

result was found to be nearly 10 % and 85 % higher 

productivity than simple solar still. The performance given by 

solar still coupled with ETC in natural mode was studied by 

Singh et al. [8] the output of 3.8kg/m2 and variation in 

efficiency has found to be 5.1-54.4%. Panchal [9,10] 

explained the performance of double basin solar still with 

vacuum tubes. The increase in output about 56% and 65 % 

respectively with adding of vacuum tubes and black granite 

gravel in double basin solar still. Many researchers have 

worked to increase the performance of solar still [11-25]. This 

paper works focused on the comparative studies of passive 

double basin solar still and double basin active solar still 

coupled with ETC. 

III. EXPERIMENTAL SETUP AND WORK PROCEDURE 

The experimental setup was fabricated in campus area of 

Guru Jambheshwar University of Science & Technology 

Hisar, Haryana (Latitude 290 08' 56" N and Longitude 750 44' 

12" E) during the period of January 2016 to June 2016 this 

city have more than 300 sun-shine days in a year and average 

solar radiation is more than 800 W/m2. A passive double 

basin solar still and double basin active solar still coupled 

with evacuated tube collector was constructed having same 

basin area 0.49 m2 as shown in Fig: 1. There are 9 vacuum 

tubes are coupled with the lower basin of solar still. These 

vacuum tubes are connected in 9 holes of size 60 mm 

diameter each in inner side of lower basin with the help of 

rubber seal in hole to prevent from water leakage. The whole 

system is coated with glass wool and covering with thermacol 

sheet of size 4 mm thickness used to prevent heat loss to the 

ambient.  

 
Fig. 1(a): Passive Double Basin Solar Still 
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Fig. 1(b): Active Double Basin Solar Still 

IV. EXPERIMENTAL RESULT AND DISCUSSION 

The experiment study was carried out during the month of 

June-Sept. 2016. When solar radiation are at its peak value. 

The experiment was carried out in campus area of Guru 

Jambheshwar University of Science & Technology Hisar, 

Haryana (Latitude 29o 08' 56" N and Longitude 75o 44' 12" 

E). The description of entire experimental procedure is 

explained as: 

A. Productivity of solar still obtained as [7] 

The productivity (litter/m2/h) of distilled water is calculated 

by knowing the value of Tsw, Tgi 

And value of hew and Lw for solar still. Whereas Lw 

is latent heat of water (J/kg). 

mew =
hew. Ab. (Tsw − Tgi) × 3600

Lw

 

Daily productivity (litter/m2day) of solar still is given as: 

MSw(ex.) = MewU + MewL= ∑ 𝑚𝑒
24
𝑡=0  

B. Efficiency of System 

The energy efficiency of double basin passive solar still was 

obtained as [7]: 

η =  
hew. Ab. (TswU − TgiU) + hew. Ab. (TswL − TgiL)

Is(t). Ab

 

Also, energy efficiency of double basin active solar 

still was obtained as [26]: 

η =  
hew. Ab. (TswU − TgiU) + hew. Ab. (TswL − TgiL)

Is(t). Ab + Ie (t). Ac

 

C. Various Internal Heat Transfer Coefficient are 

Calculated by using Dunkle's Relations [27] 

The convective heat transfer coefficient (W/m2K) from water 

to glass surface is given as: 

hcw = 0.884 [(Tsw − Tgi) +
(Psw − Pgi). (Tsw + 273)

268.9 × 103 − Psw
]

1

3

 

The evaporative heat transfer coefficient (W/m2K) 

from water to glass surface is given as: 

hew = 0.016273 × hcw ×
(Psw − Pgi)

(Tsw − Tgi)
 

The radiative heat transfer coefficient (W/m2K) 

from water to glass surface is given as: 

hrw = εeff. σ [(Tsw − 273)2 + (Tgi + 273)
2

] 

[Tsw + Tgi + 546] 

h1w = hcw + hew + hrw , 

ho = 5.7 + 3.8V εeff =  [
1

εg
+

1

εw
− 1]

−1

 

Also, Temperature dependent properties are 

specified as: [28] 

Pgi = Exp. [25.317 − 5144 / (Tgi+ 273)] 

Psw = Exp. [25.317 − 5144 / (Tsw+ 273)] 

L = 2.506 × 106 − 2.369 × 103 T + 0.2678 T2 − 8.103 ×10−3 

T3 − 2.079 × 10−5 T4   [29] 

D. Case 1: Performance of Double Basin Passive Solar Still 

1) Different Temperature and Solar Intensity Variations 

during Working of System 

 
Fig. 2: Variations of Temperature in Passive Double Basin 

Solar Still 

The variations of temperature at different point in passive 

double basin solar still is shown in above graph. The 

maximum value of solar intensity Is(t) is 1491 W/m2 and 

maximum value of ambient temperature Ta is 43.0oC at 1:00 

pm. The maximum value of basin water temperature TbU in 

upper basin is 74.8oC and value of basin water temperature 

TbL in lower basin is 78.1oC at 3:00 pm respectively. 

The maximum distillate output of system was found to be 

1820 ml/day and 3.6 litter/m2/day. 

a) Variations in Water-Glass Temperature Difference 

of Double Basin passive Solar Still 

The variations of water glass temperature difference in upper 

basin and lower basin of the solar still is shown as follow in 

the graph. The temperature difference of 0.7oC in upper basin 

and 0.8oC in lower basin at 8:00 am respectively. The water 

glass temperature difference have maximum value of 5.5oC 

in upper basin and 5.6oC in lower basin of solar still at 1:00 

pm respectively. 

 
Fig. 3: Variations of Water-Glass Temperature Difference in 

Double Basin Solar Still 
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The value water glass temperature difference of 

lower basin is lower than upper basin up to 1:00 pm but after 

1:00 pm its value is higher than the upper basin of solar still. 

2) Case 2: Performance of Double Basin Active Solar Still 

Coupled with Evacuated Tube Collector 

 
Fig. 4: Variations of Temperature in Double Basin Solar 

Still with ETC 

a) Different Temperature and Solar Intensity 

Variations during Working of System: 

The graph shows the variations of temperature at different 

point in double basin solar still coupled with ETC. The 

maximum solar radiation at solar still Is(t) is 1491 W/m2 and 

at ETC surface Ie(t) was 1465 W/m2. The maximum value of 

ETC water temperature Tew is 82.8oC at 4:00 pm. The 

maximum value of basin water temperature Tbu in upper 

basin is 75.5oC. The maximum value of basin water 

temperature TbL in lower basin is 81.1oC.at 3:00 pm. The 

maximum value of ambient temperature Ta is 43.0oC. The 

distillate output obtained from system was 5.10 litter/m2/day. 

b) Variation in Water-Glass Temperature Difference of 

Double Basin Active Solar Still: 

 
Fig. 5: Variations of Water-Glass Temperature Difference in 

Double Basin Solar Still with ETC 

The graph shows the variation in temperature difference 

between water temperature and inner glass temperature inside 

the double basin solar still coupled with ETC. In upper basin 

the difference of temperature is 0.8 oC at 8:00 am and 5.8 oC 

at 1:00 pm having minimum and maximum value 

respectively. Whereas in lower basin the temperature 

difference at 8:00 am is 0.8 oC having minimum value and at 

1:00 pm the temperature difference was 6.9 oC having 

maximum value. The temperature difference in lower basin 

was less than upper basin up to 11:00 am after this time period 

it has been higher than temperature difference in upper basin. 

As temperature difference in lower basin is higher than upper 

basin gives the higher productivity to lower basin. This effect 

was caused due to the coupling of ETC in lower basin of solar 

still which provides extra heat to lower basin. 

3) Case 3 Comparison of Performance given by Double 

Basin Passive Solar Still with Active Double Basin Solar Still 

Coupled with ETC 

Reading of various productivity of both the solar stills are 

taken at an hour interval from 7:00 am to 6:00 pm. All the 

reading were taken at 0.01 m, 0.02 m and 0.03 m water depth 

inside the lower basin of solar still and 0.01 m water depth 

inside the upper basin of solar still. Different productivity of 

solar still are recorded as in Table 1: 

Sr. 

No. 

Productivity of 

Passive Double 

Basin solar still 

(ml/h) 

Productivity 

Double Basin 

Active Solar Still 

with ETC (ml/h) 

Increased in 

Productivity 

% 

1 1650 2410 46.57 % 

2 1710 2540 48.53 % 

3 1820 2475 36.05 % 

Table 1: Different productivity of solar still are recorded 

 
Fig. 6: Productivity of both still 

The graph shows the productivity of both the basins. 

The double basin solar still coupled with ETC have the 

maximum productivity of water 2540 ml/day. Whereas the 

double basin solar still have 1710 ml/day. The double basin 

solar still with ETC having 48.53 % higher production than 

double basin passive solar still. The daily productivity of 

double basin solar still was obtained 3.48 litter/m2/day and 

double basin solar still coupled with ETC have 5.18 

litter/m2/day. 

a) Comparison of Production Rate in Both the Solar 

stills 

 
Fig. 7: Variations in Production Rate of Double Basin Solar 

Still 
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On the basis of different productivity of both the basin. The 

graph showing the variations of production rate in both the 

basin is explained as follow: 

The variations in production rate per hours is 

explained with the help of graph showing the distillate rate 

per hours.   

The graph shows the variation in production rate of 

both the solar still. In double basin passive solar still the 

maximum production in upper basin was 190 ml/h at 2:00 pm 

whereas in lower basin has maximum 190 ml/h at3:00 pm. 

Active double basin solar still has the maximum production 

in upper basin was 205 ml/h at 2:00 pm whereas in lower 

basin of still it has 310 ml/h at 3:00 pm. 

b) Comparison of Instantaneous Energy Efficiency of 

both the Solar Still 

Average efficiency of double basin solar still coupled with 

ETC was found to be 35.71 %. The maximum and minimum 

efficiency of the solar still was 88.93 % and 1.78 % at 6:00 

pm and 8:00 pm respectively. The graph shows the variations 

in efficiency of both the solar still The efficiency of both the 

solar still was nearly equal up to 11:00 am after this time 

period the efficiency curve of double basin solar still coupled 

with ETC has higher value because extra amount of heat 

energy by ETC tube through hot water increases the 

temperature inside the basin of solar still leads to increases 

the efficiency of the solar still. 

 
Fig. 8: Efficiency curve of both solar still 

The average efficiency of passive double basin solar 
still was 25.13 % whereas double basin active solar still has 
35.71 % average efficiency. The average efficiency of active 
double basin solar still was 10.58 % higher than passive 
double basin solar still. 

V. CONCLUSION 

The study of passive double basin solar still and active double 
basin solar still with ETC have following results are 
concluded: 

 The temperature of water inside the lower basin of 
active double basin solar still increases due to flow of 
hot water through ETC tube to basin. 

 Distillate output of passive double basin solar still was 
found to be 3.6 litter/m2/day and double basin active 
solar still coupled with ETC have 5.10 litter/m2/day. 

 An active Double basin solar still coupled with ETC has 
48.53 % higher production than passive double basin 
solar still. 

 The productivity given by lower basin was higher than 
upper basin of solar still. 

 Productivity of both the solar stills increases with 
decreases in water depth inside the basin and 
productivity decreases with increases in water depth.  

 Maximum productivity was obtained by both the solar 
still at water depth 0.01 m in upper basin and 0.01 m 
inside the lower basin of solar still. 

 Average energy efficiency of passive double basin solar 
still was found to be 25.13% whereas active double 
basin solar still coupled with ETC has efficiency 35.71 
% during 8:00 am to 6:00 pm. 

 The energy efficiency of active double basin solar still 
has 42.10 % higher than passive double basin solar still 
due to the effect of coupling ETC in lower basin. 

 The value of evaporative heat transfer coefficient was 
observed to be more in lower basin of solar still as 
comparison with value of upper basin. 

NOMENCLATURE 

Aa aperture area of solar collector (m2) 

Ab basin area of solar still (m2) 

Ag glass cover area of solar still (m2) 

At 
circumferential area of each tubular absorber 

(m2) 

dt diameter of evacuated tube ( m ) 

t time interval ( s ) 

MSW mass of water in the basin ( kg ) 

mew hourly distillate yields (kg/m2 h) 

Msw(ex.) daily output of still (kg/m2 day) 

Ne number of ETC tubes used 

Pgi 
partial vapour pressure at inner glass surface 

(Pa ) 

PSW partial vapour pressure at water surface ( Pa ) 

IS(t) 
solar radiation over the solar still glass cover 

(W/m2) 

Ie(t) solar radiation over the ETC (W/m2) 

hg 
heat transfer coefficient of glass cover  

(W/m2 K) 

hcw 
convective heat transfer coefficient from 

water to glass surface (W/m2 K) 

hew 
evaporative heat transfer coefficient from 

water to glass surface (W/m2 K) 

hrw 
radiative heat transfer coefficient from water 

to glass surface (W/m2 K) 

l length of tube (m) 

Lw latent heat of vaporization of water (J/kg) 

lb thickness of basin material (2× 10−3 m) 

lg thickness of glass (4 × 10−3 m) 

Ta ambient temperature ( °C ) 

Tsw water temperature in solar still ( °C ) 

Tgo outer glass cover temperature ( °C ) 

Tgi inner glass cover temperature ( °C ) 

Tb basin liner temperature ( °C ) 

Tew water temperature in ETC ( °C ) 

V wind velocity ( m/s ) 

εeff effective emissivity 

εg emissivity of glass cover 

εw emissivity of water 

ρg reflectivity of glass (=0.05) 

ρw reflectivity of water surface (=0.05) 

σ 
Stefan Boltzmann constant (5.6697 × 10−8 

W/m2 K4) 

η Energy efficiency of system 



Experimental Study of Performance of Active Double Basin Solar Still Coupled with Evacuated Tube Collector 

 (IJSRD/Vol. 4/Issue 12/2017/234) 

 

 All rights reserved by www.ijsrd.com 891 

Subscripts 

 b: basin 

 g: glass 

 w: water 

 L: lower basin 

 U: upper basin 

 e: ETC 
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