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ABSTRACT

An experiment has been performed to study the effect of system integration by two different con-
centrator assisted de-salting systems. The compound parabolic concentrator (CPC) and compound
conical concentrator (CCC) are used in this research work. Two solar desalination systems, the single
slope solar still (S5SS), and pyramid solar still (PSS), have been integrated with a CCC and com-
pound parabolic concentrator-concentric circular tubular solar still (CPC-CCTSS). To study the effect
of system integration, a thick cloth prevents the entry of sunlight into the solar still top. Addition-
ally the concentrator assisted de-salting systems are equipped with phase change material (PCM)
for enhancement. In CCC-SSSS, the PCM fills the inside of hollow copper balls and the balls are
placed in the SSSS basin. In the CPC-CCTSS, the PCM is loaded in the specially designed circular
trough. Two methodologies are followed here to produce the fresh water even while the distillers are
blocked from the sunlight. They are (1) thermosyphon effect in CCC-SSSS and (2) waste heat recov-
ery from CPC-CCTSS. The results showed that the productivity of CCC-SSSS, CCC-SSSS with PCM,
and CCC-5SSS (PCM) top cover shaded were found as 2680 mL/m?/d, 3240 mL/m?/d and 1646 mL/
m?/d, respectively. Similarly the productivity of the CPC-CCTSS-PSS, CPC-CCTSS (PCM)-PSS and
CPC-CCTSS (PCM)-PSS top cover shaded were found as 7160 mL/m?/d, 7346 mL/m?/d, and 5120
mL/m?/d. The productivity of the CCC-SSSS and CPC-CCTSS-PSS is examined and conclusions are
drawn such as the solar radiation blocked distillers productivity did not drop to zero.

Keywords: Compound conical concentrator; Compound parabolic concentrator; Desalination;

Pyramid solar still; System integration

1. Introduction

“The duties of life cannot be discharged by any person without
water, so without rain there cannot be the flowing in water” says
Thirukural, written by the saint Thiruvalluvar approximately

*Corresponding author.

2,200 years ago in Tamil Nadu [1]. This passage clearly indi-
cates the importance of water and is well matched with
the present situation. Nowadays, the need of fresh water
is greater due to the remarkable growth of population. It is
very hard to predict the available fresh water for the next
50 years. A solar still is a device which can convert avail-
able waste or brackish water into potable water using solar
energy [2,3]. Solar stills are very well studied over the last
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30 y by scientists worldwide [4,5]. This technology is con-
ceptually old but effective for the present and future sce-
nario. To consider the future requirements, researchers seek
new solutions to produce fresh water in sustainable ways.

System integration plays an important role to enhance
the performance of solar distillers. Basically, the solar stills
are known as units with low productivity. The basin of the
solar still absorbs the energy only from the Sun. Additional
heat supplied in a sustainable way is required to augment
the evaporation process in solar stills [6]. Nowadays, solar
concentrators are identified as a heat source unit for coupled
systems. Concentrator powered solar distillation systems
play a significant role in producing fresh water. Presently
researchers are involved in these activities to accumulate
high-quality de-salted water through innovative method-
ologies like wind-powered desalination [7] and nano-com-
posite energy storage [8,9].

Dev et al. [10] experimentally studied an inverted solar
still and conventional solar still at different water depth.
The result shows that a higher temperature is observed in
an inverted absorber solar still than in a conventional one.
Xie et al. [11] experimentally studied the low-temperature
multi-effect desalination (LT-MED) system. Estahbanti et al.
[12] experimentally tested the internal reflector on the pro-
ductivity of a conventional solar still during the summer
and winter. The internal reflectors are pasted on the side
walls of the solar still. The result shows that the solar still
with internal reflectors on the front and side walls enhanced
the system efficiency by 18%.

Gorjian et al. [13] designed a parabolic point focus solar
still. The experimental device consists of a two axis sun
tracker, parabolic dish concentrator and heat exchanger.
The maximum productivity of 5.12 kg within 7 h was mea-
sured and the daily efficiency is 36.7%. Omara and Eltawil
[14] designed and developed a solar dish concentrator
(SDC) for brackish water desalination. A mini single slope
solar still was designed and installed at the focus of the dish
concentrator. The results concluded that the daily average
distillate water was 6.7 L/m?/d and the corresponding effi-
ciency is 68%.

Arunkumar et al. [15] experimentally studied the tubu-
lar solar still (TSS) with a rectangular absorber for water
desalination. Air or cooling water was passed through the
concentric tubular solar still to extract the waste heat from
the TSS. The results were that the cooling water embodi-
ment gave the maximum productivity of 5 L/m?/d, greater
than with the air flow. Concentration of solar radiation is
attained using a reflecting arrangement of mirrors or lenses.
In the past few years, significant advancement have been
made in the development of concentrating collectors [16-
19]. Concentrators are one of the best tools to integrate with
solar distillation system to improve the evaporation rate.
Many authors have performed the distillation process with
various solar concentration techniques [20-33].

Thermal energy storage (TES) is an environmentally
friendly technology that helps to economically bridge the
gap between the energy supply and end-user demand.
The concept of energy storage is very important in many
industrial and commercial applications. However, this tech-
nology has received greater attention only in recent years
because of the growth of renewable energy, particularly
in the field of solar energy. In a TES system, heat can be

stored in a sensible/latent heat form or by thermochemi-
cal reactions. In sensible thermal storage (STS), heat energy
is stored by increasing the temperature of the solid/liquid
storage medium. Latent heat storage stores the heat in a
phase change material (PCM). Compared with sensible
heat storage, latent heat storage density is much higher. The
research on PCM is popular because of this [34].

El-Sebaii et al. [35] studied a single slope solar still with
stearic acid as a PCM. A computer simulation was also used
to investigate the performance of the solar still. The stearic
acid was put in the basin liner with thickness 0.2 cm. They
concluded that distillate productivity (9.005 kg/m?/d) with
a daily efficiency of 85.3% was obtained compared to 4.998
kg kg/m?/d when the still is used without PCM.

Naim and Kawi [36] studied paraffin wax with sodium
chloride solution as a PCM in a solar still. About 70 ml of
aqueous sodium chloride solution with paraffin was placed
beneath the solar still at 0.5 cm gap thickness. The results
showed that the PCM increases the productivity of the solar
still significantly. Radhwan [37] conducted an experimental
work in a stepped solar still with paraffin wax that acts as a
PCM. The proposed system was designed with five stepped
basins and an inclined glass cover. The results showed that
the stepped solar still with a PCM has an efficiency of 57%
and the productivity is 4.6 L/m? Arunkumar et al. [38]
experimentally studied a concentrator assisted solar still
with PCM. It was found that the productivity of the system
was improved by 26% because of the influence of the PCM.

A modified solar still using hot air injection and PCM
was experimentally studied by Kabeel et al. [39]. 17.5 g of
paraffin wax was used in the basin. The results showed
that the PCM integrated hot air injection modified solar
still productivity is 9.36 L/m?/d and 4.5 L/m?/d for con-
ventional solar still. Kabeel and Abdelgaied [40] performed
experiments in a solar still with paraffin wax as a PCM. Two
identical solar stills were constructed with an area of 0.615
m? 17.5 g of paraffin wax was used in this study. The daily
fresh water productivity was measured for solar stills with
PCM as 7.54 L/m?, and without PCM as 4.51 L/m? The
PCM enhanced the overall productivity by 60%. Dashtban
and Tabrizi [41] conducted an experiment in a weir type
cascade solar still with paraffin wax as the PCM. 18 g of
paraffin wax was used beneath the solar still to store the
thermal energy. The results showed that the PCM enhanced
the productivity by 31%. Chaichan and Kazem [42] stud-
ied a solar distiller using a concentrating solar water heater
and PCM. The paraffin wax was selected as the PCM and it
was placed beneath the basin liner. The results showed that
proper solar tracking with a PCM in the distiller improved
the system productivity by 307%.

Sathyamurthy et al. [43] experimentally studied a trian-
gular solar still with paraffin wax as a PCM. From the exper-
imental results, the paraffin wax enhanced the productivity
by 35% as compared with a conventional solar still. Also,
the productivity of with and without PCM in the triangular
solar stills was 5.5 L/m? d and 3.5 L/m? d, respectively.

Based on the literature review, all the modifications have
been focused towards system integration to increase the
fresh water production. In this present work, solar stills are
equipped with a CCC or CPC. This study is a real-time anal-
ysis of the impact of system integration. Here, a CPC-CCTSS
is designed and integrated with a PSS (CPC-CCTSS-PSS). In
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the same way, a CCC is coupled with SSSS (CCC-SSSS). In
the continuation of the experimental study, the PCM is also
added to the SSSS and CCTSS. The top covers of the solar
stills are artificially covered by a cloth to block the sun light
and to study the effect of integration by the concentrator on
the solar desalination system.

2. Materials
2.1. Solar radiation measuring instruments and other devices

The geographical information on the experimental
location is shown in Fig. 1. The solar radiation measuring
instruments are illustrated in Fig. 2A pyranometer (accu-
racy + 30 W/m?, range 0-1750 W/m?) is used to measure
the solar irradiance. A digital thermometer (accuracy + 1°C,
range 0-100°C) and K-type thermocouples (accuracy + 1°C,
range 0-100°C) are used to assess the temperature of CPC-
CCTSS-PSS and CCC-SSSS. A digital hygrometer (+ 0.5°C +
1%, range 10-99%) is used to monitor the humidity during
the experimentation [44—47].

2.2. Details of CCC-SSSS

Figs. 3, 4 show the schematic diagram of a CCC-SSSS
and CCC-SSSS with PCM. The basin dimensions are 0.5 m
x 0.5 m and it is composed of galvanized iron sheet coated
with black paint. The outer box is made of wood with
dimensions of length (0.7 m), breadth (0.7 m) and thickness
(0.004 m). In the SSSS, saline water is allowed to fill up to
3 cm in the basin. To reduce the heat losses from the solar
still, saw dust is used at the bottom and side walls. These
insulation layers reduce the conduction heat loss through
the base and sides of the solar still [32]. Clear glass with a
transmissivity and thickness of 0.88 and 4 mm, respectively,
is used as the cover material. Grooves are provided at all the
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Fig. 1. Geographical information of the experimental location.

edges of the solar still so that the cover is rigidly supported.
An inclination of 11° is provided to the glass cover so that
the condensed droplets glide down to the distillate collector
provided at the end of the cover. The PCM is loaded with
the help of copper balls (see Fig. 5). The diameter of the cop-
per balls is 28 mm and they are painted black. These balls
have a small hole on their tops and the paraffin wax is filled
through the hole and sealed with a rubber cork. These cop-
per balls are filled with 25 g of paraffin wax uniformly. The
positions of the rubber cork in the copper balls are properly
monitored each day before the commencement of experi-
ment. The temperatures of the PCM loaded copper balls are
measured by K-type thermocouples.

The water circulates from the still and the absorber
through the pipe under thermosyphon effect. The con-
centrator is adjusted manually to track the sun. The pipes
carrying the water are insulated for the sake of minimum
conduction loss of heat to the ambient during water circu-
lation. The reflected radiation from the CCC incident on
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Fig. 2. Solar radiation measuring instruments.
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Fig. 3. Schematic view of CCC-SSSS.
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Fig. 4. Schematic view of CCC-SSSS with PCM.

Fig. 5. The PCM loaded copper balls with rubber cork.
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the crescent absorber heats the water. The hot water being
less dense rises and enters the solar still. Then colder water
from the solar still follows. The water in the basin is heated
by the solar radiation and the circulation of hot water from
the crescent. Therefore, the water in the basin gets heated
and evaporates moisture into the air trapped between the
water surface and the glass cover. The evaporated water
condenses under the glass cover and is collected by the dis-
tillate collector.

2.3 Arrangement of CCC-SSSS with crescent shaped absorber

The CCC (focal length 0.40 m, thickness 0.5 mm, net
weight 6.2 kg) of diameter 1 m is used in this study. Alu-
minum foil is pasted on the CCC for good reflection. The
CCC coupled crescent shaped absorber is connected with
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the SSSS. The pictorial view of crescent shaped absorber is
shown in Fig. 6. The designed shape like a crescent moon
is to collect all the reflected radiation from the CCC and
be aesthetically attractive. Since it is made of copper, this

s
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Fig. 6. Pictorial and schematic view of crescent shaped absorber.
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Fig. 7. Side view of the CCC-SSSS and complete view of the solar
energy laboratory.
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Fig. 8. Pictorial view of CCC-SSSS with two modes of operation.

helps to smooth out any temperature differences due to
imperfect concentration. This crescent absorber is placed
at the focus of the collector to convert the solar energy to
heat, which increases the water temperature. The absorber
is made up of copper (hollow) of thickness 3 mm. The
diameter of the crescent absorber is 0.26 m and the height
is 0.07 m. Two 13 mm pipes are connected with both the
ends of the absorber, which act as inlet and outlet. This
inlet and outlet were coupled with the SSSS. The bottom
of the basin still is connected to the inlet of the crescent
absorber. The outlet of the crescent absorber is again con-
nected with water in the basin. Heat energy circulated
between water in the basin and the crescent absorber is
due to the thermosyphon effect. A spherical shape of the
crescent absorber is maintained at the bottom to receive
solar radiation focused by the concentrator (aperture area
0.785 m?) (D =1 m, and S = pD?/4 = 0.785 m?). The side
view of the CCC-SSSS is shown in Fig. 7. Pictorial views of
CCC-SSSS with and without top cover shading are shown
in Fig. 8.

3. Design of the CPC [48]

The reflector profile for the CPC with a “V’ groove at the
bottom is such that all rays entering the cavity end up at the
absorber. It can be drawn for a tubular absorber of radius
r,, and half acceptance angle 6, allowing a small space &
between cavity opening and the absorber (Fig. 9).

x =1,sin0—pcosO @)

The upper portion of the reflector profile AB and CD
can be generated using the relation,

X =—r,cos0—psin® 2)
where p is the ground reflectance
p=n[6+246] (3)
For the angles
-(20+€)<06<0,+m/2
_n1[0+6,+7m/2+2A8-cos(0-6,)] 4)

[1+sin(6-6,)]

_,_,_a—-——-—"')r-_-

K )

Thick cloth
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Fig. 9. Reflector shape for tubular absorber.

For the range of angles

n/2+0,<0<3n/2-0,

where

AO=coto—[n—(20+¢€)] 5)
And from Fig. 1,

d=sin"'(r, /1,) (6)

d+e=sin"[(r, +8) /1] (7)
The upper portion of the radius of envelope is

1, = [r>+(8/ 2sina)* + &1, ]/ N

coso

(1/sino)—sino=08/2r 9)

The bottom region of the profile can be modified by
incorporating a V-shaped reflector portion just below the
absorber.

The height 'h” and the open angle 2%’ of the "V’ groove
are related by the following relations

n-200<2y<m/2+0 (10)

sinou=1,/(r+38+h) (11)

Average fraction of radiation lost ‘L’ is given by

82

. — (12)
2(1+ 2¢tand)

And the ratio of the concentration achieved to the max-
imum possible concentration of the concentrator is calcu-
lated as

CR  cotd+20+¢

CR,.. T (13)
where
CR,,. =1/sin6, (14)

3.1. Details of CPC-CCTSS-PSS

The circular shaped trough is used to store the saline
water (see Fig. 10). The specifications of the CPC-CCTSS
are given in our previous work [15]. The inner and outer
circular tubes (concentric) are positioned with a 5 mm gap
for the flowing water and air to cool the outer surface of
the inner tube. Paraffin wax (melting point 58-60°C, latent
heat of fusion 226 kJ/kg, solid density 818 kg/m?, ther-
mal conductivity 0.24 W/m°C and specific heat 2.95 kJ/
kg°C) is used as the PCM in this research work. The PCM
is loaded in a specially designed portion of the absorber
which is located at the bottom of the circular water storage
trough. The circular storage trough is made up of copper.
Two circular shaped basins are joined with a gap of 5 mm
for loading the PCM, which is shown in Fig. 11. The PCM
is loaded to a desired quantity and at the same time to
not burst despite high temperatures. The absorbers for the
system are modified to introduce the storage effect with
the help of the PCM. A good quality circular strip was
fabricated by a machine and two small pieces of the same
material were welded properly in the front and back sides.
A storage tank mounted on a steel structure supplied raw
water and cooling water. The heated water from the CPC-
CCTSS is allowed to fill the PSS basin up to a depth of
3 cm. The cooling water exit was connected to the PSS.
The inclination angle from the horizontal of the PSS glass
cover was 48.9°. Fig. 12 illustrates the overall view of CPC-
CCTSS-PSS.

3.2. Arrangement of CPC-CCTSS-PSS

Five CCTSS and the same number of saline water stor-
age circular shaped troughs were fabricated. The water
storage troughs were carefully placed inside the concen-
tric tubular cover and proper leveling was ensured. The
optimum level of saline water was filled inside the trough
using a burette and blocked the all the sides without any air
gap. The CCTSS is carefully placed over the focal point of
the CPC [31] for experimentation. The thermocouples are
adjusted and fixed at the appropriate places to measure the
temperature profile of the CPC-CCTSS. The CPC-CCTSS-
PSS and CPC-CCTSS-PSS top cover shaded views are
shown in Fig. 13. The distillate collector is used to collect
the output from the CCTSS.
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4. Heat transfer mechanism of solar still with crescent
shaped absorber

The internal heat transfer occurs within the solar still
from the water surface to the inner glass cover, which
mainly consists of evaporation, convection and radiation.
The convective and evaporative heat transfers take place
simultaneously and are independent of the radiative heat
transfer. Convective heat transfer (natural convection) takes
place across the humid air inside the SSSS basin due to the
temperature difference between the water and the inner
glass cover. Also the temperature difference between the
hot surface of the crescent absorber and the fluid inside the
absorber causes density reduction in the fluid above the
surface, resulting in buoyancy. The circulating water gained
heat energy from the external absorber and the heat is lost
inside the SSSS to enhance the desalination process.

5. Results and discussion

The present experiments were performed under Coim-
batore (11°N, 77°E), India climatic condition during Janu-
ary 2012 to November 2012. Fig. 14 shows variation of solar
irradiance with respect to time of day. The average received
solar insolation for CCC-SSSS, CCC-SSSS (PCM) and CCC-
SSSS top cover shaded are 827 W/m?, 856 W/m? and 846
W/m?. Similarly the average received solar radiation cor-
responds to CPC-CCTSS-PSS, CPC-CCTSS (PCM)-PSS and
CPC-CCTSS (PCM)-PSS top cover shaded are 873 W/m?,

Saline Water 867 W/m?and 832 W/m? This experiment is done with a
Circular Container single distiller unit subjected to different climatic conditions.
Condensation The difference in insolation for the different configurations

is only a few percent, and therefore the larger variations

Fiaporatn in output are statistically significant. The recorded ambi-
Fig. 11. View of CCTSS with PCM portion. ent temperature is shown in Fig. 15. Ambient temperature
[« —
vAg
< >Sn | —— > Cold water storage tank
p T Q r

Graduated tubes

Wi
Concentric tubes 1
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Zoom view

Saline water

Distillate collector
(Tubular solar still)
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Insulation Connecting pipes

Basin
Distillate channel

Distillate collector
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Fig. 12. Schematic view of CPC-CCTSS-PSS.
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Fig. 14. Solar insolation with respect to time.

variations play an important role in the overall productivity
of the solar distiller. The recorded wind condition during
the experiment is 1.2 m/s. Wind is one of the important
parameters that increases the natural circulation inside the
solar still. The productivity increases with increase of wind
velocity. The wind decreases the top glass temperature. So
the temperature difference between the glass and water in
the basin is increased, which causes an increase in distillate
productivity.

Figs. 16a, b show the variation of water temperature
(T), air temperature (T, ) and outer cover temperature (T )
with respect to time for the SSSS and top cover shaded SSSS.
The SSSS (Fig. 16a) maximumof T, T ,and T, are measured
as 68°C, 61°C and 45°C. Similarly the top cover shaded SSSS
(Fig. 16b) maximum of T , T ,and T, are measured as 61°C,
50°C and 39°C. It is observed from these results that the
water temperature is decreased 7°C by the shading effect.
The temperature inside the SSSS is not much affected by the
shading effect on SSSS due to the continuous entry of hot
water from the crescent shaped absorber. Fig. 17 shows the
variation of water temperature (T, ), air temperature (T )
and outer cover temperature (T ) with respect to time for
the CCC-SSSS (PCM). The maximum of T, T, and T, _are

air’

38

37 4

36
8
& 354
e
2
£ 344
o
£ —+— CCC-SSSS
= 334 —#— CCC-SSSS (PCM)

E —%— CCC-SSSS (PCM) top cover shaded
32 ——— CPC-CCTSS-PSS
—*— CPC-CCTSS (PCM)-PSS
31 CPC-CCTSS (PCM)-PSS top cover shaded
T T T T T T T T T T T T T T T
9:30  10:30 11:30 12:30 13:30 14:30 15:30 16:30
Time of day

Fig. 15. Ambient temperature with respect to time.

measured as 71°C, 59°C and 44°C. Fig. 18 shows the tem-
perature of the crescent shaped absorber connected with
CCC-SSSS. Here, the PCM melts between 58-60°C, absorb-
ing heat; when it changes to a solid form, it releases this
heat. This phase change is used for storing heat in PCMs.
The graphical representation concludes that the water
temperature slightly increased at 16:30 due to the PCM
releasing the heat to its surroundings. The encapsulated
PCM is identified as a most promising candidate to store
the thermal energy. The maximum recorded temperature in
the crescent shaped absorber is 93°C. The crescent shaped
absorber gets heated by the incoming solar radiation and
reflected flux from the CCC.

The inlet and outlet water temperatures of the CCC-
SSSS are given in Fig. 19. The maximum temperature
recorded at the inlet location (measured between the SSSS
and the crescent absorber) was 62°C and the outlet tem-
perature (between the crescent absorber and the SSSS) was
89°C. The water in the basin is heated by the circulation of
hot water even when the top cover is shaded. Therefore,
the productivity does not drop to zero. The purpose of the
cotton cloth used here is to find the concentrator’s effect by
shading the top cover. The productivity is very significantly
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affected due to the solar still being covered by the cotton
cloth. So natural circulation of hot water to solar still from
crescent shaped absorber has been verified experimentally.

Fig. 20 shows the CPC-CCTSS temperature with respect
to time. The maximum measured water, air and outer
cover temperatures are 94°C, 68°C and 50°C, respectively.
The recorded results showed that the CPC-CCTSS acts as
a heat source for the PSS. Fig. 21a,b shows the variation of
water, air and outer cover temperatures with respect to time
for the PSS and top cover shaded PSS. The PSS maximum
temperatures of T, T ,and T are measured as 68°C, 59°C
and 44°C, respectively. Similarly the top cover shaded max-
imaof T, T ,and T are measured as 60°C, 49°C and 36°C,
respectively. It is observed from the results that the water
temperature was decreased 8°C by the shading effect. This
relatively small effect on the temperature is despite shad-
ing of the PSS is due to the continuous entry of hot water
from the CPC-CCTSS. The heat extracted water tempera-
ture coming from the CPC-CCTSS is roughly the operating
temperature for the PSS. The K-type thermocouple is fixed
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between the two layers of the circular trough and welded

with a circular strip. Fig. 22 shows the variation of T, T,

and T, with respect to time for the CPC-CCTSS (PCM). The

max1mum of T, T ,and T are measured as 92°C, 70°C and
64°C, respectively.

Fig. 23 shows the inlet and outlet temperature of
CPC-CCTSS-PSS. The maximum recorded inlet tem-
perature (measured between ambient water to CCTSS)
is 41°C and outlet temperature 70°C. The cold water
(from the water tank) flow is highly beneficial because
the water in the trough (CCTSS) approaches the boiling
point. The inlet temperature is measured between the
water tank and the entry of the first CCTSS and the out-
let temperature is measured between the CPC-CCTSS
and the PSS. A storage tank is used to pass the water at
10 mL/min with the help of burette. The CCTSS water
storage trough attained maximum temperature early. At
the same time the inner tube temperature was also high
due to (1) the trough and top cover being separated by a
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30+
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Fig. 20. Hourly variation of CPC-CCTSS temperature profile.
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small distance, and (2) the reflected flux from CPC. This
large temperature causes steam generation instead of
fresh water condensation. Then, ambient water from the
storage tank is allowed to pass though the CCTSS inlet
portion. The flow water is adjusted to 10 mL/min to
extract the heat from the top cover of the inner tube (see
Fig. 10). The heat extraction at the CPC-CCTSS induced
a larger temperature difference between the condens-
ing cover and the water storage trough. Heat extracted
by CPC-CCTSS was successfully delivered to the PSS
and this heat supply caused a larger evaporative heat
transfer. The direct link system reduces the warm-up
time of the PSS. The salient feature is that the flow of
water induced a larger AT in the CPC-CCTSS and PSS at
the same time. This process repeats in every cycle and
enhances the fresh water production.

Fig. 24 shows the fresh water productivity with sys-
tem integration. The results are that the productivity of
CCC-SSSS, CCC-SSSS (PCM), and CCC-SSSS (PCM) top
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Fig. 22. CPC-CCTSS with PCM.
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Fig. 21. (a) Hourly variation of temperature in PSS, (b) PSS top cover shaded.
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Fig. 23. Inlet (between water tank and CCTSS) and outlet (be-
tween CCTSS and PSS) temperature of CPC-CCTSS.
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Fig. 24. Productivity with respect to system integration.

cover shaded were found as 2680 mL/m?/d, 3240 mL/
m?/d, and 1646 mL/m?/d, respectively. Similarly, the
productivity of the CPC-CCTSS-PSS, CPC-CCTSS (PCM)-
PSS and CPC-CCTSS (PCM)-PSS top cover shaded were
found as 7160 mL/m?/d, 7346 mL/m?/d, and 5120 mL/
m?/d, respectively. The results clearly demonstrated that
the top cover shaded solar still productivity does not drop
to zero due the effect of system integration. The total pro-
ductivity of the CPC-CCTSS (PCM)-PSS is high because
the CPC-CCTSS itself acts as a solar still and delivers out-
put. So the value of 7346 mL/m?/d is the total produc-
tivity of CPC-CCTSS and PSS. After shading the PSS and
SSSS, the combination of CPC-CCTSS and CCC-crescent
shaped absorber act as primary heat delivery source to the
distillers.

6. Conclusion

In this study, a CCC and CPC are coupled with SSSS
and PSS. The concentrators are coupled to the solar stills.
Therefore, the fresh water production is always available
even when the SSSS and PSS top covers are blocked from
sunlight. Two important mechanisms are used to sup-
ply the heat transfer; they are (1) thermosyphon effect
in CCC-SSSS and (2) heat extraction technique in CPC-
CCTSS-PSS. The results showed that the productivity of
CCC-SSSS, CCC-SSSS with PCM and CCC-SSSS (PCM)
top cover shaded were found as 2680 mL/m?/d, 3240 mL/
m?/d, and 1646 mL/m?/d, respectively. Similarly the pro-
ductivity of the CPC-CCTSS-PSS, CPC-CCTSS (PCM)-PSS
and CPC-CCTSS (PCM)-PSS top cover shaded were found
as 7160 mL/m?/d, 7346 mL/m?/d, and 5120 mL/m?/d,
respectively. From the experimental evidence, it was
found out that the productivity of the two distillers does
not drop to zero even when the top covers are shaded. The
concentrators are supplied the heat energy to enable con-
tinuous fresh water production. This study concludes that
integration yields enhancement.
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Symbols

A — Area

a — Perimeter

b — Radial gap

CR — Concentration ratio

D — Diameter

G — Gap thickness

I — Solar irradiance

K — Thermal conductivity

L — Length

R, r — Radius

r, — Radius of receiver

r, — Radius of envelope

PCM — Phase change material

CCC — Compound conical concentrator
CPC — Compound parabolic concentrator
5555 — Single slope solar still

PSS — Pyramid solar still

CCTSS — Concentric circular tubular solar still
Greek symbols

o — Absorptance

) — Gap thickness

AT — Difference in temperature

€ — Infra-red emissivity

n — Efficiency

n — Viscosity

p — Ground reflectance

c — Stefan Boltzmann constant

T — Transmittance
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