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Abstract

It is now assumed that climate warming is effective and noticeable. It not only
leads to a lack of water that is increasing in desert areas, but it must be kept in
mind that the inhabitants of the villages located in the geographical areas
whose access to water is difficult, make binding efforts to gain access to water.
This article proposes to present the possibility of obtaining water by the con-
densation of the water vapors of the air by applying the thermodynamic
processes of the humid air as well as those of the refrigerating installations. In
fact, atmospheric air contains suspended water vapors. When this steam cools
below its rose point, there is condensation if water vapors and liquid water or
ice appears. It was obtained a quantity of condensed vapors in a refrigeration
facility. This amount is directly proportional to the refrigeration power whose
efficiency can be improved by the use of photovoltaic energy given the re-
duced financial cost of this energy. This seems to be a hope among the possi-
ble solutions to be considered for the resolution of the water issue.
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1. Introduction

Today, at least that is forecast by the experts in terms of forecasting, it is now
clear that the global warming in progress is increasing and that a third of hu-
manity is in a situation of water stress [1] [2] [3] [4] [5]. For villagers in geo-
graphical areas with difficult access to water, water supply is difficult and re-
quests physical effort [6] [7] [8] [9]. However, a solution is possible by condens-
ing the water vapor from the air. In fact, the atmospheric air contains in suspen-
sion water vapor, it is often in the state of superheated steam. When at a given

temperature ©, humid air contains the maximum mass of water vapor that it can
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contain per kilogram of dry air, the air is said to be saturated [2] [3] [4]. In these
particular conditions, the vapor pressure of the water in the air at the same value
as the saturation vapor pressure of the water at the same temperature ©. This is
the pressure that water vapor would take in equilibrium with liquid water or ice.
Determination of the characteristics and processes that occur can be achieved by
the thermodynamics of moist air using the psychometric diagram [10] [11]. Our
study is carried out for tow climates, namely: the tropical climate and the desert
climate (Figure 1). In contact with the evaporator whose temperature is very
low, the moist air exchange heat because the temperature gradient, this results in
a change in the phase of the water in the air. It goes from gaseous state to the
liquid state, in other words, it condenses. This condensation can be forced, it is a
forced convection if the circulation of air is carried out in a mechanic way, or
natural way if the heat exchange is caused by the gradient of density. Note that
the amount of condensed water depends not only on the climate in which the
process occurs, but also on the speed with the air passes through the evaporator.
This amount of water is directly proportional to the speed of air. The installation
of Figure 4 represents a natural convection occurring in a tropical climate. On
the evaporator, the water vapor of the air turns into ice, thanks to a system of
regulation that stops for some time the electrical power of. During this moment,
this ice turns into a liquid that flows by gravitation into the recipient. Water

production is about 2 litres per 24 hours (Figure 6 and Figure 7).

2. Materials and Method
2.1. Material

Figures 2-4 show a refrigeration plant whose cooling capacity is Q, = 155 (W)
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Figure 1. Representation in the psychrometric diagram of the characteristic zones of dif-
ferent climate. Source: Hot-Cold-Plumbing Paris Edition 1987.
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Figure 4. Representation of the refrigeration plant for water production.

equipped with air condenser, a Universal compressorSECOPTL3G. R134a 220/240
V 50/60 Hz with a power of P = 111 (W), an Evaporator VITRIFRIGODANFOSS
BD35F of L. 295 mm x 1.125 mm. This installation carries out the classic Carnot
refrigeration cycle (compression, condensation, expansion, evaporation) with
the R134a fluid.
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2.2, Method

Figure 5 shows the process of water production in the psychometric diagram
whose ordinates represent the moisture contents r (kg/kg,,) and the abscissa, the
temperatures. In this figure, point 1 is the representative state of unsaturated
humid air characterized by a temperature &= 35°C and hygrometry ¢ = 65% for
the tropical climate and a humidity of ¢ = 35% for the climate desert. The pro-
gressive cooling of this air with a constant moisture content occurs along a ho-
rizontal line which, at a certain temperature 6; = 27°C for the tropical climate
and & = 17°C for the desert climate, meets the saturation curve ¢ = 100%. This
temperature & is called the dew temperature or dew point, it is the saturation
point of the water vapor of the air. If the temperature is reduced below the dew
point, the evolution of saturated humid air then follows the saturation curve ¢ =
100%. The value of the content decreases, there is consequently condensation of
water vapor, or the ice appearance when temperatures are very low in Figure 6
and Figure 7. The amount of condensed water per kilogram of dry air shall be
equal to the difference between the moisture content at the dew point and the
water content at the temperature of © = 0°C [12] [13] [14]. Given that the com-
pressor power is directly proportional to the cooling capacity of the evaporator,
it is possible to calculate coefficient of refrigeration performance, the air flow

rate and therefore the flow of condensed water [15] [16].

2.2.1. Coefficient of Refrigeration Performance
The performance coefficient of the installation C.O.P. is the ratio of refrigeration
production Q, by the electrical power consumed P. It is calculated by the rela-

tionship:
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Figure 5. Representation in the psychometric diagram of the processes of the air cooling
and condensation of water vapor: blue for the tropical climate. h; = 93.5 kJ/kg; x, = 0.0023
kg/kg,; h, = 8.5 kJ/kg; x, = 0.0035 kg/kg,; red for the desert climate. h; = 65 kJ/kg; x, =
0.0012 kg/kg,; h, = 8.5 kJ/kg; x, = 0.0035 kg/kg,.
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Figure 7. Obtaining water after ice defrosting.
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2.2.2, Calculation of the Air Flow of the Installation

The air flow D, passing through the evaporator is cooled in state (1) ©, = 25°C
and ¢ = 65% in state (2), ©, = 0°C and ¢ = 100%; corresponding to the cooling
capacity Q, supplied by the refrigeration system, is determined by the relation
[10] [13] [14]:

Qo = Dair(

h, —h,[) = kS.At(k]) ()

Dair = QO
|h2 - h1|

(kg/h) (3)

h;: Enthalpy of air at state ©, (C°); h,: Enthalpy of air at state ©, (C°); k: heat
exchange coefficient (kJ/m>kg-C°); At: gradient of temperature (C°); S: evapo-

rator heat exchange surface (m?).
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2.2.3. Calculation of the Water Flow of the Installation

During the cooling of the air, when the air temperature drops below the dew
point, ¢ = 100%, there is saturation of the air, begins the condensation of the
water vapor of the state (R) 18°C, hy = 52 kJ/k gas in state (2); Knowing the air
flow D,;, according to relation (3), quantity of water D, is determined by the
relation [11] [15] [16]:

Dwater = Dair (

X, — x1|) (4)

With:
x;: absolute humidity of the air at state ©, (kg/kg,);
X,: absolute humidity of the air at state ©, (kg/kg,).

3. Results and Discussion

The purpose of this project is to produce water in areas where access to water is
difficult. Table 1, Table 2 clearly indicate for the same power and the same am-
bient temperature, contrary to tropical climates, the production of water in
desert climates is lower, namely: D, = 0.124 kg/h for the tropical zone respec-
tively D, = 0.08 kg/h and for the desert area. This is mainly due to the differ-
ence in hygrometry between tropical and desert climates picture 1. This is not
the case for the desert areas located at the seaside or the ocean which benefit
from a very good hygrometry and high absolute humidity [3] [4]. However, it is
possible to improve the flow of water by improving the convection and the con-
duction of the evaporator by improving the heat exchange coefficient k and in-
creasing the surface and the air flow of the evaporator, in other words by in-
creasing the cooling capacity of the installation, especially since in the desert
climate this flow rate is higher than that of the tropical climate due to the lower
enthalpy difference [3] [5]. In the desert areas, the temperature drops during the
night, even if very early in the morning, the relative humidity varies positively
for a very short time. However, this variation in temperature does not signifi-
cantly influence the moisture content and therefore does not influence the flow
of water produced by the installation [9] [10]. In order to improve the perfor-

mance coefficient of the air condensation water production system, it would be

Table 1. Summary of the characteristics of the installation for a tropical climate.

C.OP P Qo ‘hz _hl‘ ‘Xz - Xl‘ Dair Deau
h (kw) (kw) (kJ/kg,) (kg/kg,) (kg/h) (kg/h)
1.39 0.111 0.155 85 0.0195 6.38 0.124

Table 2. Summary of the characteristics of the installation for a desert climate.

C.O.P P Qo ‘hz 7h1‘ ‘Xz 7X1‘ Daix Deau
e (kw) (kw) (WJ/kg,) (kg/kg,) (kg/h) (kg/h)
1.39 0.111 0.155 56.5 0.0085 9.6 0.08
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profitable to use renewable energy (photovoltaic energy) as a source of energy.

4. Conclusion

The water-producing refrigeration plant is intended to produce water when the
localities to be supplied are inaccessible. Especially as global warming becomes
perceptible leading to a lack of water that is accentuated in desert areas, the re-
frigeration plant with water production can be a hope among the possible solu-
tions to consider for the resolution of this question. The advantage of this solu-
tion is that it is inspired by the real and overt phenomena of nature. It is there-
fore ecologically respective of the preservation of the environment, it merely in-
terprets the principles and laws of the air thermodynamics. However, precau-
tions on the quality of the water must be taken especially with regard to the or-
gan-logical, psycho-chemical parameters; even if the simple filtering of the water
makes it possible to limit the microbiological actions. Finally, with the develop-
ment of renewable energies, we must expect an improvement in its performance

and performance.
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Nomenclature

h, Enthalpy of air at state 1 (kJ/kg,)

h, Enthalpy of air at state 2 (kJ/kg,)

X, Absolute humidity of the air at state 1 (kg/kg,)
X, absolute humidity of the air at state 2 (kg/kg,)

Qo Cooling capacity (kW)
Dyaee  Water flow (kg/h)

D Air flow (kg/s)

P Compressor power (kW)
C.0.P. Performance coefficient
10) Relative humidity (%)

(S) Temperature (°C)

(S}

S

K

dew temperature (°C)

)

Surface (m?)
Heat exchange coefficient (kJ/C°m?)
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