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Abstract: In this paper, an attempt has been made to enhance the productivity of the single basin double slope solar still by
integrating with shallow solar pond. The performance of the single basin double slope solar still integrated with shallow
solar pond has been analyzed theoretically and experimentally. The experiments have been carried out from January to
march 2012. The energy balance equations have been written for different temperature elements of the solar still such as
glass cover, basin water and still basin. A computer program has been written for analytical solutions of the energy balance
equations to evaluate the numerical results of the elements of the still. The productivity and efficiency of the solar still
integrated with and without shallow solar pond has been found. It is found that the productivity of the solar still integrated
with shallow sola pond is increased compared with the still without integration. The productivity of the solar still
integrated with and without shallow solar pond is found to be 5.09 L/m’day and 3.17 L/m*day and the theoretical results are
in good agreement with the experimental results.
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I. INTRODUCTION

Water is an essential for the maintenance of life and also the key to human’s prosperity. Solar desalination method
is a process of obtaining pure water from waste /brackish or saline water using solar energy. The instantaneous thermal
efficiency of an active solar still has been presented by Tiwari et al, [1] and inferred that the instantaneous thermal
efficiency of the system decreases with an increase of collector area. The effect of coupling a flat-plate collector on the
solar still productivity has been investigated experimentally by Badran and Al-Tahaineh [2]. It was found that the
productivity of the solar still is increased by 36% when coupled with solar collectors. Velmurugan and Srithar [3] have
presented a comparison between theoretical and experimental results of a mini solar pond assisted solar still. It has been
found that the daily average production of solar still is increased. El-Sebaii ef al. [4] have made an attempt to improve the
productivity of the single effect solar still by integrating with shallow solar pond. The productivity and efficiency of the
single effect solar still integrated with shallow solar pond have found to be higher than that of still without shallow solar
pond. Velmurugan et al., [5] have integrated a stepped solar still and single basin solar still in series with a mini solar
pond for the enhancement of productivity of solar still and found that the productivity and daily efficiency of the still have
been increased significantly. The effect of coupling a flat-plate solar collector on the productivity of simple basin solar still
has been investigated by Jadhav Madhav [6]. It was found that the maximum hourly distillate water productivity of simple
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basin solar still is 0.389L/m’hr and 1.150L/m’hr for solar still coupled with flat-plate collector. Kalidasa Murugavel et al.,
[7] have studied the effect of minimum depth of water on the performance of the solar still by spreading different materials
in the basin. It is found that the still with 34in.size quartzite rock is the effective basin materials for increased amount of
distillate output. Ei-Sebaii e al. [8] have enhanced the productivity of single basin solar stills especially during the night
by coupling a shallow solar pond to the solar still and concluded that the daily productivity and efficiency of the solar still
decreases with increase of water mass in the basin and mass flow rate of the water flowing over the basin liner of the still.

Panchal [9] has studied the effect of various parameters on the performance of single basin double slope solar still.
The productivity has been increased by using black dye in the basin water, sprinkler to increase the condensation rate and
lower depth of water. Sampathkumar er al., [10] have studied the performance of the single basin solar still augmented
with evacuated tubes and inferred that the daily production rate of the solar still is increased by 49.7% and increased by
59.48% by using black stones incorporated with evacuated tubes. Ajeet kumar [11] have made an attempt to find the
optimum water depth and orientation for maximum yield of a double slope solar still. It has been concluded that the highest
output corresponds to the minimum water depth and a gain of 60% to 65% of distillate output by orienting in the North-
South directions. Sampathkumar et al., [12] have made an attempt to investigate a newly deign solar still coupled with an
evacuated tube collector experimentally. It was found that the maximum productivity of the still is increased when coupled
with evacuated tube collector. The maximum production rate of the solar still coupled with and without evacuated tube
collector is found to be 7.03Kg/day and 3.225Kg/day. In the present work, an attempt has been made to improve the
productivity of the double slope single basin solar still by integrating the shallow solar pond under the closed cycle mode of
heat extraction. The performance of the solar still coupled with shallow solar pond has been investigated theoretically and
experimentally.

II. MATERIAL AND METHODS
Design of the system

The proposed double slope single basin solar still is coupled with a shallow solar pond (SSP). The schematic
diagram of the single basin double slope solar still integrated with shallow solar pond is illustrated in Fig 1. A galvanized
iron sheet is used for fabricating the still basin with an area of Im”. The bottom and sides of the basin are insulated by ply
wood and glass wool to minimize heat losses. The glass cover of thickness 4mm is used as the condensing surface and the
slope of the glass cover are fixed as 11° which is equal to the latitude of the location (Coimbatore). The surface of the
basin is painted black for maximum absorption of solar radiation. The solar still is oriented in North-South direction to
receive solar radiation throughout the working hours of the day.
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Fig.1. Schematic diagram of the single basin double slope solar still integrated with shallow solar pod

The shallow solar pond is fabricated by using galvanized iron sheet with depth of 0.06 m and area of the bottom
surface 1m?, which act as an absorbing surface for incident solar radiation. The bottom and sides of the pond are thermally
insulated using glass wool to minimize heat losses. The thermal conductivity of the glass wool is 0.038 W/m K. The top of
the pond is covered by two glass covers of thickness 4mm and the gap between two glass cover is 0.03m. The lower glass
cover is always in contact with water so that no evaporation of water occurs; hence the cooling effect due to water
evaporation is prevented. A linear array heat exchanger made of copper with length 0.12m and diameter of %2 inch is
immersed in the pond water. The water is allowed to flow through the heat exchanger tube to extract heat from the pond
under closed cycle mode. The water tank is fixed relatively at suitable height to achieve the required pressure. The outlet
of the heat exchanger tutbe is connected to the inlet of the still. The solar still is placed at the same height as that of the
pond. The temperature of the still basin, basin water and glass cover has been measured by fixed copper-constantan
thermocouple which has been calibrated initially. Solar radiation intensity and ambient temperature have been measured
with solar radiation monitor and digital thermometer.

Experiment have been carried out from 9am to 5pm with the solar still integrated with and without shallow solar
pond at Department of Physics, Karpagam University, Coimbatore-641021 (latitude 11° N , long 77° 52° E). The photo
graph of the single basin solar still integrated with shallow solar pond and without integration of the shallow solar pond is
shown in the Figs 2.
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Fig.2. Photograph of the single basin double soe solar still integrated with shallow solar pond
III. THERMAL MODELING

The energy balance equations have been written for the different elements of the solar still such as glass cover,
basin water and still basin.
For glass cover

a,H A, +hy (T, —T,) = hy(T, — T,) 1)

gsg

Where,T; = (Tyn + Ty )/2

For still basin

angTwHSAb = hcbw(Tb - Tw}Ab + hE-(Tb - Ta-} (2)
Where,hg = i

L = thermal conductivity of the glass wool (0.0328W/mK)
K = thickness of the glass wool (0.05m)
For water mass

astAw + h{rbw[Tb - Tw} = mwcw% + l;;Il'l(lln‘»l-’ - TE] ®)
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Where by = hﬂwg

g

and h, =h,,, +h,

ga 18 the total internal and external heat transfer

cga
coefficient
Rearranging Equation 1 and 2 following results has been obtained.

tgHyd g Hhy Ty thyT,
T = giigidg TITy Ly zig (4)
g Ry thy

OpTg Ty HeAp thopyy Ty The T
fopwths

T,= S

Substituting for Tg, and T}, in equation 3 and rearranging, we get

M (L) + BT, = 6(2) ©

Where,

G(t) = a,HA, + P @ Tlls | Popwhala | hi@gHs | hihoT,
hepw thy  hep, +hy hy+hy, hyt+h,

hcbwhcbw _ hlhl

Bepw +ha  + hy+hy

AndM =m_C,

The solution of equation 6 is

ro= ()1 (2] reeen(2)

Where,
T, is the temperature of the water.

chw

The amount of distilled water collected for unit time for unit area is given by

w
L

Where, L is the latent heat of vaporization of water
The efficiency of the still is given by
n _ M, <L ©)

[H =30 =50
The experimental system double slope single basin solar has been analyzed. The various heat transfer coefficient
equations hﬂ.,,, h_ . and h_,, proposed by Dunkle [13]. The corresponding quantities of heat transferred from water
surface to glass by radiation, convection and evaporation are given as

Qi =Py (Ty-Ty) (10)

Qv =hey (T, -Tp) (1)

Qe =haw Ty - Tp) (12)
Substituting for F,.,, B, and b,

Q= £6[(T,, -273)" (T, + 261 (13)

Copyright to JIRSET www.ijirset.com 5790



@

[JIRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,

Engineering and Technology

(An ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 10, October 2013

(Py_ Py )Ty ynrs)
ch = (0.864 [(TW 'Tg] + 263.911,]3_;;“_ ] 173 (TW— Tg) (14)

16.273x%10°% % Qo % (By_ By )
(Tw - Tg}

Qe = s)

IV. RESULT AND DISCUSSION

The performance of the single basin double slope solar still integrated with shallow solar pond has been analyzed
theoretically and experimentally. The experimental observation for the one of the typical days has been considered for the
numerical calculations based on the analytical solutions of the temperature elements of the still.

Energy balance equations have been solved analytically for the temperature elements of the still and a computer
program has been written and executed to find the theoretical results. The input parameters for the still including the
climatic conditions are concerned for local conditions in Coimbatore, Tamilnadu and India (latitude-11° N, long-77°E) for
the period January 2011-March 2011. The thermo physical parameters for the numerical solutions are shown in the Table
1.

Glass cover | Still Basin | Basin Water | Insulation

@,-0.5 %3,-0.85 a,,.-0.85 K-0.05m
L-0.038

Ay -1m? Ay-1m T,,-0.75

0.004m A -1m’

Tg -0.75 Cw'4190

Table.1. Thermo physical parameters for the numerical solutions
The variations of solar radiation intensity and ambient temperature for one of the typical days for with and without
integration have been depicted in the Fig 3. From the figures it has been observed that the variation of solar radiation and
ambient temperature for the typical days considered for with and without integration of solar pond has same trend. It is
observed that the solar radiation intensity is gradually increased and reaches maximum during 12pm to 1pm and then
decreased gradually. The maximum value of the solar radiation and ambient temperature is 1258 W/m?* and 40°C obtained.
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Fig.3. Variations of the solar radiation intensity and ambient temperature for one of the experimental days.

Fig 4. Show the variation of glass cover and basin water temperature of the proposed still without integration and
with integration of solar pond. It is observed that the glass cover temperature of the still when integrated with shallow solar
pond is higher than the still without integration. It is due to the fact that the internal convective, evaporative and Radiative
heat transfer from water to glass cover is high as the preheated water from the pond is provided as the input for the still in
the case of integration of solar pond with the still. The glass cover and water temperature reached the maximum value of
48° and 46° at 13 hrs with and without the integration of solar pond with the still. Moreover, in the case of solar still
without the integration of solar pond, thermal capacity plays a vital role for convective, Radiative and evaporative heat

transfer from water to glass cover. Since the thermal capacity is high, more time has been taken for evaporation,
convection and radiation.
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Fig.4. Variations of average glass cover and water temperature with and without shallow solar pond for the experimental days.

From the Fig 4. it is also concluded that the auxiliary heat is gained by the saline water from the pond and fed to
the still as input, when the still is integrated with solar pond and the preheated saline water absorbs energy from the direct
solar radiation passing inside the still. The maximum temperature of the water without shallow solar pond was recorded as
62°C and with shallow solar pond 68°C during the working hours of the day. Comparing the temperature difference
between the glass cover and water temperature in the two modes, it has been confirmed that throughout the working hours
of the day, the difference in temperature is higher for the still when integrated with the pond.

The variation of saline water temperature from the heat exchanger tube immersed in shallow solar pond has been
depicted in Fig 5. During morning hours, the extraction of heat from the pond by saline water through the heat exchanger
tube is moderate and it gradually increases. The maximum saline water temperature is found to be 50°C and heat energy
extracted from pond water is given as input to the still throughout the working hours of the day. Though the auxiliary heat
gained by the saline water is low during morning hours, the heat energy extracted is used to enhance the evaporation rate in
the still. In the evening hours, heat energy extracted from the pond is high and it is utilized for evaporation when the
intensity of solar radiation starts decreasing.

Comparisons have been made for the experimental distillate output from the still with and without the integration of
solar pond. Fig 6. Show the variation of the observed distillate yield for two modes. Throughout the working hours of the
still, it has been observed the total amount of distillate yield is higher in the case of still coupled with pond. Moreover, the
night time collection of the still coupled with the pond is 1.250 liters and higher than the still without integration, i.e., 0.600
liters. This is due to the fact that thermal energy stored in the pond has been extracted using the heat exchanger tube during
night time. Fig 7. Shows the comparisons of distilled water output in liters coupled with and without solar pond. For solar
still coupled with solar pond, the distilled water output in liters is found to be 5.09 L/m* during 9am to 5pm and collection
of 1.250 liters with total of 6.34 liters/day and for a solar still without the integration of solar pond, distilled output in liters
is found to be 3.17 L/m? during 9am to 5 pm and night time collection of 0.600 liters with total of 2.700 liters/day.

Copyright to JIRSET www.ijirset.com 5793



@

[JIRSET ISSN: 2319-8753

International Journal of Innovative Research in Science,

Engineering and Technology

(An ISO 3297: 2007 Certified Organization)
Vol. 2, Issue 10, October 2013
54 -
——Tpw
48

42

36

Temperature of the pond water (*C)

30 T T T T T T T 1
3 9 10 11 12 13 14 15 16 17 18

Time of the day
Fig.5. Variations of temperature of the pond water for the experimental days.
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Fig.6. Comparisons of distilled water output of the still with and without solar pond
Comparison of efficiency of the solar still with and without integration of solar pond is depicted in Fig 8. It is
found that the instantaneous efficiency of the solar still with solar pond is found to be higher than the efficiency of solar
still without solar pond. The maximum instantaneous efficiency for the solar still without solar pond is found to be 48%

and for solar still with solar pond is found to be 65% respectively.
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Fig.7. Comparisons of distilled water output in liters of still coupled with and without solar pond.
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Fig.8. Comparison of efficiency of the solar still before coupled and after coupled with shallow solar pond

V. VALIDATION OF THE MODEL
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Since the performance of the still integrated with the solar pond is better than the still without the pond, the
analytical solutions of the temperature elements of the still has been taken to validate with the experimental observations.

Theoretical and experimental value of the glass cover and water temperature of the still integrated with shallow
solar pond for one of the experimental days is depicted in Fig 9. It was found that the theoretical results are in good
agreement with the experimental results. From the graph, it is observed that the theoretical results for water temperature is
in close agreement with the experimental observations and regarding glass cover temperature, there exists some domination
of the experimental observations due to the influence of climatic parameters such as clouds and wind etc.
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Fig.9. Theoretical and experimental values of average glass cover and basin water with coupled shallow solar pond
The theoretical and experimental distilled water output from the still after coupled with shallow solar pond is
depicted in Fig 10. It is fund that the theoretical results are in good agreement with the experimental results. The amount of
distilled water output is increased from morning due to evaporation rate of the water is increased when coupled with pond.
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Fig.10. Theoretical and experimental values of distilled water output with coupled shallow solar pond
Figl1. shows the theoretical and experimental efficiency of the still after coupled with shallow solar pond. It is
found that the theoretical values are fairly agreement with the experimental values. The average efficiency of the proposed
still integrated with the solar pond is found to be 44.83 %.
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Fig.11. Theoretical and experimental efficiency of the solar still coupled with solar pond
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VI. CONCLUSION

Based on these results the following conclusion has been drawn
The performance of the solar still integrated with the shallow solar pond provides better performance compared with the
still without integration.
The total distillate yield of the still with pond is found to be 6.340 liters/day.
The efficiency of the double slope single basin solar still is increased when coupled with shallow solar pond. It has shown
great potential in terms of higher distillate yield per unit area and its operation process is very steady. The maximum
instantaneous efficiency of the solar still coupled with and without shallow solar pond was found to be 48% and 65%.
The solar still can be used as a water purifier for domestic purposes by using solar energy in winter and summer seasons.
Though the still has been analyzed during the months January to March, it is possible to find the performance of the still
can be found by using the proposed thermal model.

NOMENCLATURE AND UNITS

=

cwg Convective heat transfer coefficient from water to the glass cover, W/m®

ol

rwg Radiative heat transfer coefficient from water to the glass cover, W/m?

hswg Evaporative heat transfer coefficient from water to the glass cover, W/m®
h, ga  Convective heat transfer coefficient from water to the glass cover, W/m?
-IL,..EE Radiative heat transfer coefficient from water to the glass cover, W/m”
T, Temperature of the water, °C

L Latent heat of vaporization of water (2372 KJ/kg)

M w Mass of the distilled water output, ml

Pg Partial pressure of saturated vapor at the glass covers temperature, W/m?
B, Partial pressure of saturated vapor at the glass covers temperature, W/m?
H,_ Solar insolation, W/m”

a, Absorptivity of glass cover

T, Temperature of water in the pond (°C)

T, The average temperature of the glass cover (°C)

T, Temperature of the ambient (°C)

T, Temperature of the still basin (°C)

T, Transmissivity of the glass cover

a, Absorptivity of water in the pond

m, Mass of water (kg)

C, Specific heat capacity of water (J/kgK)

T, Transmissivity of the water
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hy Total internal heat transfer coefficient

h, Total external heat transfer coefficient

X, Thermal conductivity of the insulating materials
Xy Thickness of the insulating materials

Q..  Convective heat transfer, W/m”

Q..  Evaporative heat transfer, W/m>

(... Radiative heat transfer, W/m’

k.,  Convective heat transfer coefficient, W/m®
-Ilw Radiative heat transfer coefficient, W/m?

h.,  Evaporative heat transfer coefficient, W/m’

Greek symbols

£ Emissivity

& Stefan-Boltzmann’s constant, W/m?
n

Efficiency of the solar still, %
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