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IMPROVING THE EFFICIENCY OF THE SOLAR
STILL USING ELECTRICAL HEATERS POWERED BY
SOLAR PANEL AND AN OUTSIDE CONDENSER
SOLAR PANEL AND AN OUTSIDE CONDENSER
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ABSTRACT

Water and energy are two important factors that govern the lives of
humanity and promote civilization. In Egypt we have a big problem in the
fresh water and the energy. The main objective of this study was
increased the fresh water produce by new design of the solar still using
electrical heaters powered by solar Panel and an outside condenser. In
order to reach the objective of the study two types of distiller units was
design, the first one was conventional unit and the second a new model of
solar still with heaters and separating the condensation unit from the
evaporation unit. To improve the thermal efficiency of the proposed
hybrid solar still (PV / T) systems, the cooling process was carried out to
the condenser and the thermal energy generated was recovered during
the condensation process. Measurements included that, All the
temperatures (saline water, preheated water, basin water, basin, glass
cover, panel, ambient), the solar irradiance, Voltage and current,
electricity generated from photocells, Water vapour pressure, glass cover
transmission, solar radiation, fresh water production, over all thermal
efficiency of the still. The experiments are carried out in the eight typical
clear sunny days. The results showed that the maximum and the minimum
irradiance were 7488 W/m2.day and 7140 W/m2.day. That the maximum
solar energy (26.959 MJ/m2/day), and minimum solar energy (25.704
MJ/m2/day). The maximum ambient temperature was (42 °C). It also
found that the minimum specific energy consumption was 3.820 MJ/L that
means the maximum utilization of energy with the proposed hybrid active
(PVIT) solar still with heater and divided feed. The maximum specific
energy consumption was 7.483MJ/L, it was found for the conventional
solar still without heater and Total feeding rate with minimum energy
efficiency.
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The proposed hybrid saved about 49% of the energy consumption to
produce a liter of pure water. The minimum productivity of fresh water
was estimated about 3.435 I/m2day, it was provided in the system of
conventional solar still. The maximum productivity of fresh water in the
system of proposed hybrid active (PV/T) solar still with heater and
divided feed was estimated about 8.571 I/m2day. The increasing rate in
the productivity about 149.50% was achieved using by using proposed
solar still. The overall thermal efficiency was increased by 36% of the
proposed hybrid active (PV/T) solar still is much higher than the
conventional. The fresh water produced from the new design of distiller
unit with highly efficiency can be use within Hydroponics in coastal area.

Keywords: Solar still, Efficiency, productivity, Solar Panel.

1. INTRODUCTION

ater and energy are two important commodities that govern

the lives of humanity and promote civilization. In Egypt we

have a big problem in the fresh water and the energy. We
need large amounts of water for the reclamation of new land to meet the
needs of the growing amounts of food. The process of desalination of
seawater using solar energy will provide additional quantities of water
that can be exploited to expand the reclamation and cultivation of new
lands (horizontal expansion) especially in the coastal areas. Increasing the
production of fresh water can be done by improving the efficiency of the
seawater desalination process There are many factors that effect on the
productivity of solar distillers. These factors include the intensity of solar
radiation, wind speed, ambient temperature, temperature difference
between distillation and water cover in distillation basin, water surface
area, water depth, water feeding temperature, absorption plate area and
glass cover angle Nafey et al., (2000). Some factors cannot be change
because they are natural factors as the intensity of solar radiation, Wind
speed and environmental temperature. Other factors can be change to
increase the productivity of solar distillers. Many studies are still
conducted to improve the productivity of distillates from solar energy
Tripathi et al., (2006).
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1- The Solar radiation

The rays of the sun which arrives to the surfaces are divided into two
parts: the direct rays that penetrate the obstacles until they reach to the
surface of the earth. And the diffuse radiation, which is reflected by dust,
water vapor and gases in the atmosphere and ranges from about 10 to
20% of the total radiation Matthews (2009). The intensity of solar
radiation varies depending on the place and the time of the year where it
incidence. The values of solar radiation intensity which can be used in the
desalination process can be predicted for any place and time using the
mathematical simulation model Taha (2010). The intensity of solar
radiation in Shibin ElI-Kom, Menoufia, Egypt was increased by about
40% in the summer from winter, which requires a preventive measure to
maintain the stability of the amount of water resulting from the distillation
process at that time Taha (2010) , Omar (2011) and Salam (2011). The
intensity of solar radiation mainly affects the temperature of the receiving
surface and therefore affects any process that depends on the heating
system, as happens in the process of solar water desalination Akash et al.,
(2000).

2- Used the external energy from Solar panel.

Temperature is the primary factor in desalination of seawater by solar
energy, but because of the instability of the intensity of solar radiation,
the temperature is unstable, therefore the use of external energy source is
to maintain and even to increase the efficiency of solar distillates Zurigat
et al., (2004). The process of desalination is divided into two processes:
vaporization and steam condensation. Both processes are affected by the
temperature Pal et al., (2017). In the distillation process, evaporation is
increases by increasing the temperature and the process of condensation is
decreases with increasing the temperature Sharshir et al., (2016). The
distillation efficiency was increased by 157% by increasing the
temperature inside the distiller by using a 300W electric heater Salam
(2011).

To increase the efficiency of the distillers, an external source of heat is
added (the heating process). But due to the high prices of conventional
energy as well as the process of distillation in the coastal areas, which are
remote, therefore, it is preferable to use solar cells to produce the electric
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energy needed to operate the heaters to increase the efficiency of
distillation process, As well as to reduce the cost of fresh water
production Singh et al.,(2004). The daily yield from the proposed hybrid
active (PV/T) solar still is 6 times more than the conventional passive still
kuma et al., (2017).

3- Effect of surface area of absorbent and depth of water inside the
distiller.

The evaporation rate of the distilled water is relatively proportional to the
surface area of water exposed to solar energy. As a result, increasing the
surface area of water in the basin improves the production efficiency of
fresh water Hiroshi et al., (2009). The depth of the water in the basin
strongly affects in the distill efficiency, since water depth is inversely
proportional to productivity Tripathi e al.,( 2004), Tiwari e al., (2007)
and Tiwari et al., (2009). It has been found that the lowest depth of water
has reached maximum productivity when the solar energy is stable and a
dry spot will occur. This is why maintaining the minimum achievable
depth is important Khalifa et al.,(2009). The performance of the
proposed active hybrid PV/T still is with 0.05 m (0.335 L/m%MJ/day)
water depth is better than the still with 0.10 m (0.228 L/m%MJ/day) and
0.15 m (0.165 L/m*/MJ/day) water depths kuma et al., (2017).

4- Temperature of water in the basin.

The temperature of the saline water within the basin controls the rate of
evaporation. Large amounts of solar energy (additional solar collectors)
may be needed to increase the water temperature to increase the rate of
thermal heating on the surface of water Velmurugan et al., (2011). The
amount of condensed water depends heavily on the temperature
difference between the glass cover and the water. Also increasing the
temperature of water all this leads to an increase in production Setoodeh
e al,( 2011) and Shukla et al., (2005). When the difference in
temperature increases from 6 °© C to 11 ° C, the productivity increases
from 0.1 L/ m?/htoreach 0.85 L/ m ?/h. When a difference of 10 ° C
was achieved, the yield was 0.8 L / m ? / h when the salt water
temperature was 70 ° C, while the productivity, up to 0.1 L / m */ h when
the temperature of salt water was 30 ° C Rubioa et al., (2000).
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The effects of environmental factors vary according to the opinions of a
number of researchers. Voropoulos et al., (2003) reported that
productivity was improved by reducing air temperature in the
environment. El-Sebaii et al (2004) and Badran et al., (2007) reported
that improved productivity by increasing wind speed. All this leads to a
difference in temperature between the glass cover and saline solution.
Improving the production of fresh water by 8.2% with increased the
ambient air temperature of 10 ° C Al-Hinai et al., (2002).

5- Insulation of solar still.

The thickness and the material of the insulation are high effects in a solar
still Al-Karaghouli et al., (2004) and Khalifa et al., (2009). Karaghouli
et al.,(2004) reported that the average daily output was 2.46 kg/m?/d in
June for a non-insulated still whereas for an insulated still it was 2.84
kg/m?/d. Khalifa et al., (2009) Suggested that the productivity could be
achieved with increase of 80% by selection of appropriate insulation

6- Effect of angle and thickness of covering materials

Inclination angle of the cover, which increased the transmittance the solar
energy and leads to the maximum value of production was equal to the
latitude angle of the place Singh et al., (2004). Based on an
understanding of mathematical analysis, glass cover performance can be
improved at different angles Akash (2000). It was found that the 35 °
angle of inclination, equal to the latitude angle of this place, resulted in
the maximum return of fresh water. Tripathi et al., (2004) Experiments
on latitude (31.57 ° N) and the effect of the inclination on the
performance of solar collectors, found that tilting the covers alone could
change the output by about 63% .

The heat transfer through the glass cover improved when the thickness
decreased, and the thermal conductivity increased. Experimental results
showed that solar energy production increased by 16.5% with a glass
cover of 3 mm using the thickness from the glass 6 mm Kaushal and
Varun (2010). Glass cover is preferred because of the large transmittance
solar energy and application of different angles of the site and its long-
term use, while plastics (such as polyethylene) can be used for short-term
use Pal et al., (2017). So the main objective of this study is to increasing
the fresh water produced and improving the efficiency of the seawater
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desalination by design a new solar still with electrical heaters powered by
solar panel and an outside condenser Sharshir et al., ( 2016).

2.MATERIALS AND METHODS
2.1. Design of the proposed solar still
The desalination of seawater using solar energy depends on two
processes, the evaporation process and the condensation process, which
are the opposite of each other. Increasing the evaporation depends on
adding the heat energy and to reach the maximum efficiency of the
condensation must be a cooling process for water vapor. From the above
it is clear that the two processes are opposite. In order to reach the
objective of the study, a new model of solar still with electrical heaters
powered from solar panel was designed, based on separating the
condensation unit from the evaporation unit to increase the evaporation
process in addition to maximum efficiency of the condensation and
recycle of the heat gained from condensation processes.

2.1.1. Description of the solar still units.
For validating the proposed work, two solar stills were designed and
fabricated.

a) Conventional solar still (SDU).

The first one: the conventional solar still system with a single slope type
SDU and basin area 1 m? (1 m x 1m) is designed and fabricated with the
high-side wall height is 75 cm and the low-side wall height is 15 cm. It is
the passive form of solar distiller unit (SDU) which receives direct solar
heat from sun that is directly utilized to vaporize the saline water. To
increase the absorption of heat from the sun black paint is coated on the
full surface of the basin (bottom and side wall) from inside and its
direction is heading to the south. Single sheets of Extruded polystyrene
material foam boards with 3 cm thickness are used to insulate the basin
from all outer sides (bottom and side wall). This provision of insulation
reduces the loss of heat from the still to the atmosphere. A glass sheet of 3
mm is used to cover the basin from the top, placed at an angle of 30°
horizontally, that is the approximate latitude angel of the location. Fig. 1
shows the Schematic views for the single slope (SDU) of the conventional
solar desalination system.
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Fig. 1 Schematic view of the conventional solar still.

b) Proposed hybrid (PV/T) solar still with heaters and outside condenser.
A cross-section and photograph of the proposed solar still with a
separated condenser unit is shown in Fig. 2 ( a,b). The new model was
designed, based on separating the condensation unit from the evaporation
unit. The evaporation unit has the same designed and dimensions of the
conventional solar distiller. The total area under the condenser was 1 m?
with the dimensions of 1x1m.

. T
. 3 f sea water tank

Fig. 2 (a) Photographic view of the overall experimental setup and the condensate water formation in stills

In the case of active solar Distiller, it uses an external heat source to
increasing the water temperature in the basin for increasing the evaporation.
Water vapour production is increasing by raise the saline water temperature
in the basin by the electric heaters and absorption of solar radiation by the
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absorbent surface. Three electric heaters with 50 W per one are used per
square meter of the basin area and the electric power supply from solar
panel (PV) module. Water vapour production under the glass cover of the
distiller was pushed out using a suction fan and passed through a water-
cooled condensation unit. Three fans with 5 W per one are used per square
meter of the basin area. The fans are important for, as it known that,
decreasing the air pressure in the basin cause water would evaporate faster
due to the decreases in water evaporation temperature.

Basin.

Stand «

\<"°
. g N
Glass o
D - - A
over Fxhaust Fam - o
] .

Cooling Systes

(Hem Exchangs)
'

Exuporator Condenser

Fig. 2 (b) Schematic view of the proposed hybrid (PV/T) active solar with heater

2.1.2. The advantages of the proposed hybrid (PV/T) solar distiller.

1-

2-

3-

loss of latent heat of condensation to the environment is minimized,
and saved in a condenser;

The heat of vaporisation which is not lost to the environment but
saved in the condenser used to preheat saline water for recycling;
The new sea water used for cooling water vapour in the
condensation unit was Pre-heated from the condenser and supplies
the next batch of re-charge for the still basin;

the different temperature between water in the basin and the glass
cover increases;

Lower vapor water pressure for the air within the evaporation unit;
and

Improvement the transmittance where is the percentage of solar
radiation passing through the glass cover arrives to the maximum.
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The first advantage gives the opportunity to recycle the heat of
condensation, and the latter two results in faster evaporation of water
from the basin, and an increased yield of the distilled water. They all
increase the overall thermal efficiency of the distiller. The second
advantage comes from the electrical heaters that powered from the solar
panel. The third advantage was done by used the exhaust fan. The
purpose of the fan is to Pull the water vapour from the basin and transfer
to the condensation unit, and decrease the pressure and water
condensation under the glass cover to increasing the solar radiation.

2.2. Characteristics of solar PV.
The heaters are located above the bottom of still basin and powered by a
photovoltaic (PV) system. The PV system consists of PV cell, battery and
charge controller. For the proposed work, a PV panel mono-crystalline
type photovoltaic module with 250 W, 18% efficiency and 1.6 m? area is
used to operate the suction fan and heaters. Open circuit voltage 22 V,
short-circuit current 3.4 A and working voltage 17.5 V. the system
consists Inverter with 600 W capacity and battery to storage the
electricity.
The ambient temperature effected of the energy production from
solar PV.
Temperature coefficient (C,) and ambient temperature (T, ) decides the
actual output of the solar PV panel. The temperature coefficient is a
constant which may vary slightly for different cells manufacturers and the
ambient temperature is the present atmospheric temperature at the panel.
Eg. (1) kuma et al., (2017) gives the relation between the ambient
temperature and the panel output.
Actual voltage = Vi, + [C, X (T, — 25)] (1)
The temperature coefficient of this module is —0.36%/°C of the open
circuit voltage.
2.3 . Analysis of the thermal network for the still with an outside
condenser.
In the case of the alternative solar still the qc,b-g , gr,b-g and ge are
lost through the glass cover but in the case of the solar still with an
outside condenser only qc,b-g and gr,b-g are lost through the glass
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cover while ge is partially saved in the condenser Monowe et al.,
(2011).

de = 9conden T Gsensbl ( 2)
Qconden = ML (3)
Qsensbl = M:Cp (Tic - Ta) (4 )

Where the . is the heat of vaporisation saved in the condenser to preheat
saline water for recycling which is not lost to the environment, Qconden IS
the latent heat of condensation; Qsenspie IS the sensible heat of the water
vapour from the basin, Mt amount of daly fresh water production and L is
the vaporization latent heat.
The heat energy recycled from condensation Monowe et al., (2011).

de = qi + qc (5)

dc = 9conden T qsensbl — q1 (6)
Where the q is the heat energy lost from the condenser due to conduction;
qc is the recycled heat of condensation. To calculate the heat loss through
a unit's surface can be obtained by following equation Omar et al.,
(2018):

q.=UA, (Twi - Ta) (7)
Where q is heat loss through a unit surface of walls, the U is the total
heat transfer coefficient of wall, Ty; is the water vapour temperature in
the condensation unit, and T, is mean outside air temperature.
The total heat transfer coefficient for the structures can be computed
Omar et al., (2018) as:

Uy = (8)

2.4. Efficiency of the energy recycles from condensation.
The thermal efficiency (ncong) fOr the condenser unit is represented as the
ration between energy output from condenser (the energy recycle from
condensation) to the input energy (the heat energy of the vaporization)
which is given by Monowe et al., (2011) as follows:

Neond = Z_: 9)
Acondtdsens—q1
= ——————x100 10
Nleond Acondtdsens ( )
Estimate the temperature of the hourly water output from the condenser
qc = %2 mhcp(Tv; - Tw) (11)
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Ty =——+T, (12)

mpCyp
Estimate the amount of hourly water used to cooling the condenser

IS,
my = I_Shmsw (13)

Where my, is amount of hourly water used to cooling the condenser and it's
a ration of the total saline water entering to the still, 1 sy hourly solar
radiation, Is total solar radiation and mg, is the total saline water entering
to the still.

2.5. Daily efficiency of solar (passive and active) still and PV panel

- The thermal efficiency of the passive solar still
The overall thermal efficiency (noverantn) for S-SSU is represented as the
ratio between net energy output from solar still to net available solar

radiation intensity which is given by Tiwari et al,. (2007) as follows:
__ (daily yield)XL 14
Np-ss = AgXY IsX3600 (14)

Where L is the vaporization latent heat and is given as follows:
L =2.4935x 10°(1 —9.4779 X 107T, + 1.3132 x 107'T2 —
4.7974 x 107°T3) (15)

- The thermal efficiency of the proposed hybrid active (PV/T)

solar still.

The overall efficiency of the proposed still is calculated by summing the
thermal efficiency of the active still and the electrical efficiency of the
solar PV. With the reference of Tiwari et al., (2002), the overall

efficiency is calculated by the following equations.
(daily yield)XL

Na-ss-HPVT = AsX Y [sX3600+Apx 3. [ X3600 (16)
Where L is the vaporization latent heat
Electrical efficiency of PVT module is as follows:
_ FFxIgeXVoe (17)
e ApXI,

Where FF=fill factor for solar cell=0.8
The equivalent thermal efficiency of PVT is given by Je et al.,(2007) as
follows:
Neth = % (18)
The overall thermal efficiency of A-SS-HPVT solar distiller unit is given by
Noverall,th = Na-ss—upvT T Neth (19)
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The daily overall thermal energy efficiency is given by Singh et al.,
(2016b) as given by the Egs. (20) as follows

21‘2:}1(mewXL)
. = — X 100
rldally,overallthermal 21-241[AS><IS+Ap><Ip]x36OO +

0.88XY2 Voo XIse
24
0.38xT 4 (ApxIp)

x 100 (20)

2.6. Experimental procedure.

All the experiments are conducted and carried out under climate
conditions on the building rooftops of Agricultural College , Minofiya
University, Shibin EI-Kom, Minofiya, Egypt (Geographically, the chosen
place’s latitude angle is 30° 54' degrees). The readings of the experiments
are taken on an hourly basis from 7 AM to 7 AM (next day) during
summer 2018 season through May and June months. To keep the
efficiency of the still at a high level, saline water must be removed from
the evaporator every day to operate the still and to put the next batch of
new saline water into the still in the morning.

For validating the proposed technique experimentally, the stills were
tested under tow variables: four different modes of operation and two
different feed systems of water.

2.6.1. The different modes.

1- Alternative unit: the still operating as a passive conventional solar
still

2- Alternative unit with heaters: the still operating as a conventional
solar still and adding external sources of the energy to raise the
temperature of water in the basin. Electrical heaters that powered
from the solar panel were used.

3- Proposed still unit: a new model solar still was designed, based on
separating the condensation unit from the evaporation unit.

4- Proposed still unit with heaters: the new model of solar still was
used with electric heaters whose energy is derived from the unit of
solar panel cells to increase the evaporation process in addition to
the solar energy used

2.6.2. The two different feed systems to the basin of Saline water.

In the experimental study used the initial depth of water in the basin

was equal to 4.5 cm, i.e. the basin contained 45 | of saline water
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according to kuma et al., (2017) and Monowe et.al., (2011). The 45
litter of saline water entering to the different modes of basin stills
with two different feed systems of water as following:
1- Entering the 45 liter of saline water one time at the morning
2- Divide the 45 liter of saline water entering into 3 parts per the
sunny day every part equal 15 litter. That’s means, the solar
day is divided into three parts the water depth is 0.015 m (15
liter) in the first period of the day, 0.030 m (30 liter) in the
second period, and 0.045 m (45liter) in the third period.

Measurements.

Measuring and Instrumentation
Various measuring instruments are used to measure the required
parameters for hybrid PV/T still which are as follows.

Misr

Digital thermometer: All the temperatures (saline water, preheated
water, basin water, basin, glass cover, panel, ambient) are measured
using individual digital thermometer TPM-10. It has a resolution of
0.1 ° C. These sensors are integrated with a controller to read data.

Pyranometer: For measuring the solar irradiance LX-101A digital
meter is used.

Measuring flask: Distillate output water is finally collected and
measured using a calibrated flask.

Voltage and current measurements: Panel's voltage (Voc, VL) and
current (Isc, IL) are sensed by using a voltage divider and current
sensor ACS714 modules which are coupled with a controller for
Maximum Power Point Tracking (MPPT)

Water vapour pressure, kpa [35]

B,, = 0.61078 X exp [—17'2693882”“5]

Tpist237.3

(21)
Where Ty;s is the saline water temperatures in the basin

Transmittance: Percentage of solar radiation passing through the
glass cover .Influence of glass cover transmission radiation,
transmission coefficient, T, was calculated from the ratio of inside to
outside solar irradiance (1=Rs; /Rs).
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3.RESULTS AND DISCUSSION

The experiments are carried out in the eight typical clear sunny days
during the months of May and June 2018. The experimental readings are
taken for various still moods at different water feeding rate system; 0.045
m one time and ( 0.015 m, 0.030 m, and 0.045 m). The water preheating,
condensation cover cooling and electrical heaters are the three major parts
that validate the proposed method. For validating the proposed still design
is compared with the conventional still.

3.1. Hourly variation of basin water and ambient temperature for
experimental days

Air temperature in the basin water and ambient is considered a very
important environmental condition affecting on the fresh water
production from the still. Fig. 3a-b shows that the maximum ambient air
temperature reached to 42 °C at 2 pm and 41 °C at 2 pm during the days
of the study for the conventional and proposed still respectively. The
minimum temperature recorded during the study days was 26 °C at 5 am
and 25 °C at 5 am for the conventional and proposed still respectively.
When increasing the intensity of solar radiation, it affects in increasing
the temperature inside the still and increase in the fresh water production,
it is evident during the period of back.

The maximum temperature of basin water for the conventional still was
77 °C when using electric heaters and intermittent feeding system. The
maximum temperature was 69 °C with conventional still during the days
of the study. But in the proposed hybrid PV/T still the maximum
temperature of basin water reached to 78°C although the use of the
exhaust fans which lead to a reduction of pressure and temperature. But
the cause of the increasing the temperature is due to increasing in the ratio
of solar radiation transmission from the cover (the transmission
coefficient for the proposed hybrid active (PV/T) solar still was higher
than the conventional solar still), and use of the energy recycles from
condensation from the condenser cooling process. The use of the feeding
system in stages has the greatest effect in raising the temperature inside
the evaporation unit. As well as the use of electric heaters all this leads to
increase the rate of evaporation.
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Fig. 3 Hourly variation of basin water and ambient temperature for experimental days for (a)

conventional sill (b) for proposed still

3.2. Hourly variation of solar irradiance

Fig. 4a-b gives the hourly observations for the four experimental days at
two different still. The solar intensity varies time to time which is noted
periodically. The maximum solar radiation intensity was about 1 to 2 pm
almost all days and the maximum values for all days varied between 900
to 950 W/m?.
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Fig. 4 Hourly variation of solar irradiance for (a) conventional sill (b) proposed still

From fig. 4 can see that, 25th May and 9th June have the maximum
irradiance (950W/m?). It is clear that the solar irradiance falling during
the selected days the differences between them were very small, which
denies the existence of a relationship between the difference in
productivity and values of the intensity of solar radiation. As seen in
figures, the increase in radiation intensity increased the temperature of
water in tank, and consequently the amount of vaporization increased.
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3.3. cover transmission affected in the solar irradiance prevent

Transmission of the still cover has a great effect on the radiation intensity
inside he still. The increasing of the radiation intensity leads to raise the
temperature of water in basin, and consequently the amount of
vaporization increased. Two days were chosen each day represent the
study days for each type of still under study. Table 1 shows the hourly
solar radiation, transmission coefficient and the amount and the rate of
solar irradiance prevent from the stills cover. The data shows that the
transmission coefficient for the proposed hybrid active (PV/T) solar still
was higher than the conventional solar still transmission coefficient. This
was due to the reduced the condensate water on the inner surface of the
glass cover in the proposed model, due to the transfer of water vapor to
the condenser. The Maximum value of transmission coefficient was 0.65
and 0.85 for the proposed hybrid and the conventional solar still
respectively. The rate of solar irradiance prevent from the cover was
40.48 % and 24.81 % for the conventional cover and the proposed hybrid
cover respectively, means that about 16% increase in the ratio of solar
radiation transmission from the cover and it represents a great value.

Table 1 the hourly solar irradiance, transmission coefficient and solar irradiance prevent

s Tam 8am 9am 10am 1lam  12am 1pm 2pm 3pm 4pm 5pm 6pm 7pm l:;f:e(;ot

solar
irradiance
transmission
coefficient
solar
irradiance 723  166.8 276 314.6 322 32832 3094 33189 303.6 2853 21744 10948 22.79 40.48
prevent

241 417 600 715 805 864 884 897 759 634 453 238 53 7560

r still

0.7 0.6 0.54 0.56 0.6 0.62 0.65 0.63 0.6 0.55 0.52 0.54 0.57

Conventional
sol]‘ \

solar
irradiance
transmission
coefficient
solar
irradiance 67.2 150.86  200.6 181.48 173.8 168 1335 136.85 17256 164.7 112 79.42 10.8 24.81
prevent

224 397 590 698 790 840 890 805 719 549 320 209 30 7061

o

7 0.62 0.66 0.74 0.78 08 0.85 0.83 0.76 0.7 0.65 0.62 0.64

proposed
hvbrid actjve

3.4. Energy consumption

Table 2 gives the daily of total observations, total Energy consumption,
and total specific Energy consumption for the four experimental days at
two different still moods. The data shows that the maximum irradiance
was 7488 W/m2.day from 25th May and 9th June and the minimum
irradiance 7140 W/m?.day from 30th May. Similarly, from Table 2, it is
also found that maximum solar energy 26.959 MJ/m?.day, and minimum
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solar energy 25.704 MJ/m?.day. The ambient temperature was arrived to
the maximum value 42 °C from 25 and 26 May and 9th June.

Table (2) the daily of total observations, total energy consumption, and total specific Energy

consumption

Temperatures  Total solar

Total solar

Total electricity

Total energy

Fresh

Energy

treatments Max min energy energy energy from used MJ/m?.day water consumption
W/m?.day MJ/m?.day solar PV W/ day productio JIL
nL

= - Total feed 39 7140 25.704 0 25.704 3.435 7.483
8 - g § Divided 40 7335 26.406 0 26.406 4.155 6.355
22 578 feed
-0 = Q
fo  2€
S 0000000
g %’ N Total feed 39 7310 26.316 1596.88 32.065 4.760 6.736
E 2 § % Divided 39 7167 25.801 1651.242 31.746 5.905 5.376
Sc 2S¢ feed

. Total feed 41 7481 26.931 0 26.931 5.440 4.950
= 3 § Divided 40 7473 26.902 0 26.902 6.965 3.862
— = =
gg = E22 feed
£gs 3

=~ e

8e8 _ Total feed 42 7488 26.959 1642.90 32871 7.290 4.509
%g @ g % Divided 40 7414 26.690 1682.162 32.746 8571 3.820
g 22

feed

Similarly, from Table 2, it is also found that the proposed hybrid active
(PVIT) solar still with heater and divided feed has the minimum specific
Energy consumption it was 3.820 MJ/L, means that the maximum
utilization of energy. The maximum specific Energy consumption was
7.483MJ/L, it was found for the Conventional solar still without heater
and Total feeding rate with minimum energy efficiency. About 3.763 MJ
of the consumption of Energy for the production of a liter of fresh water
was provided in the system of proposed hybrid active (PV/T) solar still
with heater and divided feed, which saved about 49% of the energy
consumption on production a liter of pure water. This is due to the
separation of the condensation unit from the evaporation unit and the use
of the thermal energy generated by the cooling process inside the
condenser.

3.5. Efficiency of the energy recycled from condensation

Table 3 gives the daily of total heat energy of vaporization that saved in
the condenser to preheat saline water for recycling, which is not lost to
the environment in the proposed still and lost to the environment in the
conventional solar still, the energy recycled from condensation unit, Rate
of energy recycled to total energy and efficiency of recovering the energy
from condensation. It is clear from the data that the value of large energy
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which is wasted in the Conventional solar still and saved in the proposed
still. The minimum and maximum values of Energy recycled can be re-
used in the new design were 10.77 MJ/m?and 17.01 MJ/m?.day with rate
of total energy used 39.99 % and 51.95 % , which increases the
distillation efficiency and increase the productivity of fresh water for the
proposed still. Similarly, from Table 3, it is also found that the maximum
energy loss from the condensation unit was 4.79 MJ/m®.day. And the
minimum efficiency of recovered the energy from condensation unit (heat
changer) was 78.66 %.

Table (3) the daily of total energy of vaporization, total energy losses, energy recycled and efficiency of

the energy recycled.

Total Energy of Energy Energy Rate of Energy Efficiency of
energy used vaporization losses recycled recycled to recovering the
treatments MJ/m?.day MJ/day MJ/day MJ/day Total energy energy from
condensation
Qe qQ o3 % 1.%
proposed hybrid total 26.931 13.69 292 10.77 39.99 78.66
feeding without heater
proposed hybrid total
feeding system with 32.871 18.47 3.64 14.83 45.12 80.30
heater
proposed hybrid
intermittent feeding 26.902 17.52 347 14.05 52.23 80.21

system without heater

proposed hybrid
intermittent feeding 32.746 21.81 4.79 17.01 51.95 78.03
system with heater

3.6. Hourly Productivity of solar PV power.

Productivity of solar PV power was affected by the electrical efficiency
and ambient temperature. With rise of 1 °C in temperature the electrical
efficiency of solar module decreases by 0.5%. The maximum electrical
conversion efficiency is obtained at 25 °C and 1000 W/m?.

----- ¢--+++ |, conventional and total feeding —a— |, conventional and devided feeding

—— |, proposed and total feeding ==0==|, proposed and devided feeding

Hourly Productivity of solar PV

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time, h

Fig. 5 Hourly Productivity of solar PV power for study days
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Figure 5 shows that the Productivity of solar PV started around 6:30 am
and continued until after 7 pm. The maximum Productivity of solar PV
reached to 207.35 W at 1 pm during the days of the study. The maximum
electrical efficiency obtained was approximately 12.43% at 1 pm. Figure
3 shows the variation of electrical productivity of PV system. In the
morning the productivity was increasing and after 3 pm there is drop of
electrical efficiency due to less sunshine. The electrical productivity of
PV varies between 40 W at the morning to 207 W at afternoon. When
increasing the intensity of solar radiation, it affects in increasing the
temperature inside the still and increase in the fresh water production, it is
evident during the period of back.

3.7. Hourly productivity of distillate water for all modes of solar still.
Productivity of distillate water will be discussed through the effect of both
the addition of electric heaters and the use of intermittent feeding system
for the conventional and proposed still respectively.

The first one, when the still operating as a conventional solar still. The
data from table 1 and fig.6 shows that the daily output of distilled water
was found to be 3.435 | and 4.760 | when the heaters was not used and
used. The increasing in Productivity about 1.325 I with 38.57% if the full
feeding system is used. But In the case of the use of intermittent feeding
system and under the same conditions, the increasing in productivity was
estimated about 1.750 I/m?day with 42.11%. Indicating that, the heaters
lead to increasing the productivity about 38.57 and 42.11% using
different feeding systems. The effect of the use of intermittent feeding
system in the productivity the data shows that increasing in productivity
was estimated at about 0.750 I/m’day with 20.95 % and 1.145 with
24.04% when the heaters was not used and used.

The second case, when the still operating as a proposed solar still. The
data from table 1 and fig.6 shows that the daily output of distilled water
when the full feeding system used was increased from 5.440 | to 7.290I
(1.850 I ) when the heaters was used with 34%. But In the case of the use
of intermittent feeding system and under the same conditions, the
increasing in productivity was estimated about 1.606 I/m?day with
23.06%. Indicating that, the heaters lead to increasing the productivity
about 34 and 23.06 % using different feeding systems. The effect of the
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use of intermittent feeding system in the productivity the data shows that
increasing in productivity was estimated at about 1.525 I/m?day with
28.03 % and 1.281 with 17.57 % when the heaters was not used and used.
The minimum productivity of fresh water was estimated about 3.435
I/m?day, it was provided in the system of conventional solar still. The
maximum productivity of fresh water in the system of proposed hybrid
active (PV/T) solar still with heater and divided feed was estimated about
8.571 I/m?day. The increasing rate in the productivity about 149.50% was
achieved using by using proposed solar still.

1000
900
800
700
600
500
400
300
200
100

0
4:48:00 9:36:00 14:24:00 19:12:00 0:00:00 4:48:00 9:36:00
Time,h
=== p1l(L/m2/h) —8— p2(L/m2/MJ/h) ==t p3(L/Mm2/MJ/h) === p4 (L/m2/MJ/h)

(a) Conventional sill

water

Hourly productivity of distillate

1000

900 (b) Proposed still
e 800
s
= 700
=
)
5 600
s 500
Z .
S % 400
=
g3 300
T
o 200
o
> 100
5
3 0
T 4:48:00 9:36:00 14:24:00 19:12:00 0:00:00 4:48:00 9:36:00
Time,h

=—t=—=p1(L/m2/h) =—@=—p2(L/m2/h) == p3(L/M2/h) === p4(L/m2/h)

Fig. 6 Hourly productivity of distillate water for (a) Conventional sill (b) Proposed still

3.8. Daily overall thermal efficiency of solar still.

Egs. (2)—(5) are evaluated to calculate the electrical and thermal
efficiency of the proposed hybrid active (PV/T) solar still and the
conventional passive solar still which is given in Fig. 7. The bar graph in
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Fig. 9 shows the variation in efficiency. The data in in Fig. 7 show that
the overall efficiency of the conventional and proposed hybrid active
(PVIT) solar still. The differences in water-charge systems into the basin
as a complete and intermittent feeding system create a tremendous impact
on thermal efficiency. The thermal efficiency of the conventional if the
full and intermittent feeding system is used were found 32.30% and
38.08% when the heaters was not used respectively, and were found
35.85% and 45% when the heaters was used. But the overall thermal
efficiency the proposed hybrid was 48.88% and 62.52% if the full and
intermittent feeding and the heaters were not used respectively, and were
found 53.57% and 68.28% when the heaters was used. The overall
thermal efficiency was increased by 36% of the proposed hybrid active
(PVIT) solar still is much higher than the conventional. This increasing is
due to reasons; improvement the transmittance where is the percentage of
solar radiation passing through the glass cover arrives to the maximum,
loss of latent heat of condensation to the environment is minimized, and
used to preheat saline water for recycling.

70.00

60.00

50.00

w

%
8‘0
S

40.00

AANNSAASAANSANN

R L R R R e

30.00

A

20.00

10.00

Daily overall thermal efficiency , %

LFFSSTTESEFEEN

o
)
q‘°Q°

o
)
Q"OQO

%

w
" N
s

)
0{ FTToT oI IIIooS

& &
& &

%
%,

c
%,
Q

Fig. 7 Daily overall thermal efficiency of solar still
4. CONCLUSIONS
The experimental study of the two different solar still (conventional
passive solar still and proposed hybrid solar still with heaters) with
different water feeding rate have been presented. The conclusions have
been made from the practical study as follows.
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2 The average temperature range of the water in the basin for the
proposed hybrid active (PV/T) solar still was slightly higher than the
conventional passive solar still. that is due to, it is under affected two
factors the first one Leads to decreased the temperature (the exhaust
fan) the second increased the temperature, it about 16% increase in the
ratio of solar radiation transmission from the cover, the absorption of
heat from the condenser surface and the heat produced by the heaters.

3 The minimum specific energy consumption was 3.820 MJ/L and the
maximum specific Energy consumption was 7.483MJI/L, it is for the
Conventional solar still. The proposed hybrid saved about 49% of the
energy consumption to produce a liter of pure water.

4 The minimum and maximum values of energy recycled that can be re-
used in the new design were 10.77 MJ/m®.day and 17.01 MJ/m?.day
with rate of 39.99 % and 51.95 % from total energy used , which
increases the distillation efficiency and increase the productivity of
fresh water for the proposed still.

5 The water production from the proposed still was about 149% higher
than the passive still during the experimental days.

6 The overall thermal efficiency for the proposed hybrid active solar still
(PVIT) was increased by 36% of the conventional solar still.
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