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ABSTRACT

The potable water declined after the global climate crisis.

Due to global warming. River levels have also decreased.
Moreover, so much has become dependent on the water from
the wells. Which are often salty. Purifying this water often
requires many fossil fuels that cause damage to the
environment. Therefore, the researchers turned to renewable
energy sources, including solar energy. In this paper, we
designed and made a solar distiller, a single sink with a
double slope. It is used to desalinate water and remove salt
from water using solar energy. This technique is the best
solution for obtaining water in remote and desert areas where
potable water is not available. The purpose of the research is
to study variables that promote increased efficiency. Study the
use of phase change materials (PCM) to enhance the
productivity of solar distillers. Bitumen was used to store
solar thermal energy in latent heat. It has increased efficiency
by (15-25%). For the distiller using bitumen in the basin
relative to the distiller to which it is not added.

Introduction

Due to higher fuel prices. The lack of potable water
and the difficulty of providing it, especially in remote
and remote areas, one solution is to use solar
distillers. For ease of design and cheap price,
researchers want to develop different types of
distillers. Also, use variable phase materials to boost
productivity and efficiency [1,2]. In addition,
manufacture of distillation systems in Baghdad. To be
treated solar distillers stopped working from 12 to 3
hours due to overheating. The new model increased
productivity by 337.36% with cooling cover and
increased productivity by (403%) when coupled with
the old model [3]. Wax was mixed with (Al,Os)
nanoparticles and placed in a basin in a water
distillation experiment in a solar distiller. (Tw) water
temperature was studied in the basin, and (Tg). Glass
temperature. It also used a fuse in another experiment
and found distilled water mass. The efficiency was
also found for the distiller, and the productivity was
(7.460 and 4.120 kg/m?) day, respectively [4]. The
addition of fins, absorption plates, nanoparticles,
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cotton fuses, and phase change materials was
discussed, as the lowest depth of water in the distilled
basin increases productivity. Increasing space
increases productivity. Using porous materials like
sponges and fins gives better results. This helps solar
energy and provides a solution that can save drinking
water [5]. Making three solar distillers with the same
dimensions as the first did not put additives in the
basin. The second puts something in the basin, and
the third puts (paraffin as a variable-phase material)
in the basin. Third, the development of a n-PCM
(NPCMSS) variable nanomaterial Experiments in
India showed that the addition of variable-phase
substances improved water production by (51.22) for
the Model Il and the Model Il by (67.07) [6]. A
double slop solar distiller with one basin is used for
practical checks with a parabolic trough concentrator
to improve the distiller's performance. Wax is also
used as a variable phase material (PCM). The center
of the basin was directed to the south. The depth of
the water in the distilled basin was (20 mm). An
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increase in productivity was obtained using the
parabolic trough, and productivity was increased by
(37.3%) and (42%) respectively [7]. The addition of
the energy matrix to the solar distiller has led to
increased productivity and ease of use, efficient
performance, and the addition of good performance
nanoparticles and increased efficiency has led to the
recommendation of using this technique [8]. Increase
the productivity of solar water distillation systems
using thermal energy storage materials and without
the use of these materials in the distillation basin.
These serve to store energy in the form of heat during
the day. Moreover, use it during the night. To heat the
basin water so that the system works at night with the
application of PCM. The researchers used paraffin
wax (MgSO4-7H,0) CH3;COONa K,Cr20;) and
steric acid. Where it improved and almost doubled
productivity by 108% from the traditional distiller
without using PCM materials [9]. A method of
integrating variable-phase material under a water
distiller basin to maintain excess solar energy. In
addition, store them for use at night. The increase in
productivity also raised the annual cost of distilled
water [10].The temperature of the heat transfer liquid
(HTF) in the solar collector tube is greatly affected by
immediate solar radiation, which usually causes
significant fluctuations in the temperature of HTF. To
improve this performance, The suggestion of a solar
assembly tube integrated with a layer of variable-
phase material (PCM), and the thermal behavior of
the 630 mm long tube and 20-70 mm in diameter
inside and outside, was studied. As PCM, PCM (60
wt% NaNO; and 40% wt KNOs) was added. Air was
chosen as the HTF. Thermal inspection of solar
assembly tubes was conducted experimentally under
different solar radiation and airflow rates. The results
proved that the temperature in the solar assembly tube
with PCM was 65.45-128.75 C° higher than the
temperature without additives. [11]. Three solar
desalination systems were used for water. The first is
a conventional system, and the second is using phase
change material (PCM) (TESU). The third is using
natural-type  dolomite  (PCM).  Experimentally
obtained increased productivity for the second and
third models compared to the first model by (10.15%
and 17.75%), respectively. Energy and efficiency
improved by (15.91% to 18.28%) [12]. In this
research, they designed and manufactured a one-basin
solar distiller and two sloped the study of its
properties also studied the temperature of water and
glass on a clear day. We found an increase in the
temperature of water and glass was observed over
time. It also studied the addition of bitumen in the
basin and studied the efficiency before and after
adding. It found that the use of bitumen increases the
speed of evaporation and efficiency.
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Material and Methods

A. Convection heat transfer

The rate at which the heat transfer the load g, from
the surface of the water to the glass condensation
cover is given by the equation (1):-

Qew = hcw (Tw - Tg) """" (1)

Where (T,, ) The temperature of water, (T4 ) The
temperature of glass, (hsy ) The convective heat
transfer coefficient.

1
heyw = 0.0884(AT*)3--------- )
AT* = [(Tw _ Tg) + (Pw—Pg)(Tw+273.15)

268.9x103-Pw .
Where, (Pw) and (Pg) are partial saturation pressures

are given by the following equations (4,5):-

5144
B, =exp [25.317 = Tpr3) -----(4)

_ _ 5144 |
B, = exp 25317 (TW+273)] (5)

B. Evaporative heat transfer

The rate of transfer of vaporizing heat g, from the
surface of the water to the surface of the glass cover
is given cover by equation (6):-

Gew = New (Tw - Tg) """ (6)

The rate of evaporative heat transfer is given by
equation (7):-

he, = 16.273 x 103h,, o
wTg

B. Radiation heat transfer

The rate of irradiative heat transfer equation (8):-

Grw = hrw (Tw - Tg) """ (8)

Where: h,, is a radiation heat transfer coefficient
from the water surface to the glass cover and is given
by equation (9):-

Qrw = Eepr0l(Ty, + 273)2 + (T + 273)%][T,, +

T, + 546]-------- 9)

Where & is Effective water emission and glass
surface, o Stefan Boltzmann constant (5.67 x 10-8
W/m?).

Where (L) is the latent evaporation heat of less than
70 C° and is given by the equation (10) [13].

L = 2.4935 x 10°[1 — 9.4779 x 107*T + 1.3132 x
1077T?% — 4.7947 x 10~°T3]------(10)

The hourly distillation output per square meter can be
obtained from the solar distiller by equation(11)[ 13 ].
My = 123600 (11)

Evaporation heat is transferred from the water surface
to the glass surface given by the equation (12).

mey, = 2o w8 3600 g / m? fhemmv(12)
Efficiency Equation (13) [13,14].
Mew.L {hew-(Tw_Tci)}

=0 = 10 (13)
Experimental work
A. Distilled Box

The structure was made of a wooden box (Fig 1).
With a thickness of 0.015m. The distilled has a length
of (1 m), a width of (0.75 m), and a height of (0.2 m
and a slop of 350). The sides of the distiller were
designed as doors. With length (0.75 m) and height
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(0.2 m), to insert and remove the basin of the distiller
and add water.

Figure 1: Shows the distiller box.

B. Basin

Using panels made of galvanized iron material with
thickness (0.6mm) cut and bent in the shape of a
rectangular basin with length (1m) and width (0.7m),
after which the metal basin was painted black, so as
to absorb as much solar radiation as possible, (Fig 2).
shows the iron basin.

0.7 m

Fig. 2: Metal basin

C. Glasses cover

The one meter glass board, width (0.45m) and 4mm
thickness was used to manufacture the sloped surface.
The panels were fixed on top of the wood box at a
sloped angle of (35°). The other side of the box
resembled the triangle was base length (0.6m) and
height (0.25m) shown in (Fig 1).

The working method:

The Thermometers (type K) are distributed in the
water in the basin and on the glass inside and outside
the distiller (Fig 3). The water to be distilled (well
water, river) is inserted into the basin. After that the
closure of the distillation is set we record the amount
of water collected every hour and the temperature
measurement, as well as solar radiation. Without any
pelvic additives. The experiment returns several times
in a pure atmosphere. The experiment is also returned
in similar circumstances after the bitumen has been
added again.
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k=type thermc

Fig. 3: solar distilled with distributed of (k-type)
thermometer.

Result and discussion

The solar distiller was tested in several days in a clear
day as in the (Fig 4). We studied the relationship
between time and temperature of the ambient near the
distiller as well as of glass and water from the
distilled interior without additives. We found an
increase in temperature over time from (9 am to 1
pm). Then it decreases slightly, and this is due to
increased solar radiation with time that leads to
warming in the atmosphere near the distiller and the
heat rises inside the distillation due to total closure
that raises the temperature of water and glass and is
consistent with [15]. The experiment was also re-tried
with the addition of bitumen in the basin. We also
found that the water temperature in the basin is lower
than the previous experiment when adding bitumen as
a phase change material, plus its black color works to
retain heat for longer which increases its heat, lowers
the temperature of the basin, reduces the distillation
speed and conforms to [12,15]. Through the
experiment we note that the addition of bitumen in
the basin. The heat in the basin decreased from
morning at high temperatures due to its storage in
bitumen, The temperature between the basin and the
glass may weigh up to saturation and the evaporation
stops. Until the glass temperature drops after water,
the bitumen appears to release heat to the basin and
warms more than the glass to increase evaporation in

the afternoon, increasing heat and increasing
distillation speed and conforming to [16,17].
—&—Tw -no add —o—Tg-noadd ~—0—T amb

60 —o— Tw-with add -bit —e—Tg with -add-bit

8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time (hour)

Fig. 4: Relation between time and temperature.

Also examined, the relationship between time and
difference in water temperature and glass. for solar
distillation from the inside, as well as solar radiation
and through (Fig 5). found us in case of not only
adding salty water in the basin, an increase in the
difference between water temperature and glass over
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time due to the warming of the distiller from the
inside and increased evaporation. As a result of
increased solar radiation that raises water temperature
and is the cause of increased evaporation speed and
increased distillation efficiency. It is compatible with
[3] as we note when adding bitumen the difference
between water heat and glass in the early hours to
retain this substance as heat PCM so it decreases
slightly and the evaporation process delays and slows
down. To return after the low heat in the pelvis to
release absorbed heat to increase the speed of
evaporation again as we note after (12 o'clock) at
noon it has increased twice as much to retain the heat
it absorbed for a larger period and for a long period
consistent with [4,19].
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Fig. 5: Relation between time and temperature, and
solar radiation.
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Solar radiation W/m?
Temp (°C)

It also examined the relation between time and solar
distillation productivity over time. If one liter of salt
water is added in the basin of distilled only. The
experiment was also re-experimented with the
addition of bitumen in the basin with salt water, as in
(Fig 6). On a sunny day we notice, increased
productivity over time for the two cases without
additions to the basin. In addition, with the addition
of bitumen. However, productivity increases more
rapidly if not added. With the addition of bitumen as
it lowers temperatures within the distillation basin
and retains heat for longer, it returns to release heat in
case of lower basin heat, which increases
productivity, but over a longer period, which
increases the productivity of the distillation as well as
increases efficiency as a function of productivity and
conforms to [19.20].
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Fig. 6: Relation between time with Product, and solar
radiation.
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The measurements reached in practical experiments.
In April the relation between water temperature and
ambient temperature relative to solar radiation ((Tw-
Ta )/1a).In case no substances are added in the basin
in (Fig 7). We note that the behavior approaches the
linear behavior of numerous losses. In addition, these
losses instruct a mass of salt deposition, in a bottom
that reduces temperatures and thus reduces
productivity and is consistent with [21].
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Fig. 7: Variations of the ( (Tw-Ta)/la (°C.m?/W) and
efficiency without added.

When the bitumen is added, the behavior linear and
positive. The increase in temperatures increases the
productivity as it increases the efficiency (Fig 8). of
the distiller and reduces the loss and is consistent
with [21].
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Fig. 8: Variations of the ((Tw-Ta)/la (°C.m?)/W) and
efficiency, when added bitumen.

Conclusion

For one basin, a two-slope solar distiller
manufactured and experimented with local materials.
To be used to distill salt water for wells and used for
drinking. Through practical experiments, it has been
observed that the temperature of water and glass is
affected by solar radiation. The distillation closure
provisions increase the speed of evaporation and
increase productivity and efficiency. Increasing the
deposition of salts in wading reduces productivity.
Using variable-phase materials such as bitumen,
distiller can work in case of solar radiation decrease
and by adding PCM material to raise distilled
productivity by 15-25%. Nevertheless, longer.
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