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ABSTRACT

The presenl work  sugpesls a non-conventivoal method of water production (rom atmospheric
air, on 24-hour basis using a compacet system. The operation ot Lhe syslem is desciibed andits
cificieney 05 delined. The system perlorms  under [oreed  conveelion absorplion and
regencration through  packed tower. ‘The packed tower consists of two identical coluimns, cach
ol them is packed wilh wn idenlical bed. Lach bed consists of vertical multi-layers of cloth
material impregnated with Caleium Chloride solution of different concentrations. A numerical
modci, bascd on the experimental results, has been developed to predict the perfovinance of the
system under various operating conditions. The system elliciency is (ound {o have peak values
at certain cycle times, desiccant final concentration, regeneration temperature and absorption
air stream velocity. It is also found that the maximum efficiency increases with mitial
concentration and decreases with the increase of the regeneralion air stream veloeity and
absorption temperature.

1. INTRODUCTION

Extraclion ol water (rom atnospheric air is considered one of the important methods of (resh
waler supply, because air, as a source of water, i1s renewable, clean and exists anywhere.
Several investipators have sludied this problem. These investigations can be classified into
two nain proups. The firsl group deals with the cooling of air, while the second group sludies
the absorption-regeneration of the moisture directly [rom the air.

The extraction ol waler (roin atmaspheric air can be dene by cooling air to a temperature below
its dew point, where moisture is condensed.  Many investigalions [ 1-5] have sludied this
method. Wind energy was used [6.7] Lo circulate atmospheric air through the system condenser
in order 1o separale moisture Itom it. Another approach for water extraction from atmospheric
air is by absorption of water from atinospheric air snto solid or liquid desiceant with subsequent
separation ol water (rom (he desiceant by heating and condensation of vapor [8.9].

Regeneration ol an absorbenl using solm cuerey was investigaled |10 U] A comynnative
stucly for ceunomical cvaluation ol the twa methods mentivaed above shows that the second
system is moere cconomic [2]0 This comparison was carricd  oul asswimiag the vuse of solar
enerpy as the power supply of the two systems, with the use of Li Brabsorption cycele lor
cooling rystem and applying Ca Cl2 as the working  desiceant for absorption-regeneration
system.
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An integral desiccant/collector system for production of fresh water [rom atmospheric air was
studied [12]. The system involved absorption of water vapor from ambient air during the night
and simultaneous desiccant regeneration and vapor condensation during the day. Description
and analysis of the theoretical cycle for absorption of water from air with subsequent
regeneration, by heating, was presented in [13]. Theoretical analysis showed that, strong and
weak solution concentration limits play a decisive role in the value of cycle efficiency.

The present study was conducted as a part of a [ull scale project for water extraction from
atmospheric air, whose purpose has been to design, build and test a complete system using
cloth material impregnated with liquid desiccant. In this work, a non-conventional system
applicable for periodically absorption and regeneration processes to extract water from
atmospheric air is proposed. A definition of system efficiency based on the heat and mass
balance calculations is presented. This work studies also the influence of air initial
temperature, initial desiccant concentration and time period on the system efficiency. A
suggested lay out of water extraction plant is diseussed and experimental data are used to show
the effeet of difTerenl parameters on the cycle cfficiency.

NOMENCLATURE
A Surlace arca, m* Greel symbols
B Cloth Layer width, nun o constant
C Carnol encrpy lactor [Eqy. 9 8] constang
Cp  Airspecilic heal, kg K AP Pressure drap, pa
Div  Thydoaulic dimmeter [ L. § | 1 elficieney
r Friction lactor[Eq. 6] v Air viscosity, m¥s
L Latent heat ol waler, W/kg n Dimensionless pressure drop
Dimensionless temperature
M Dimensionless mass flow rate of air 8 dillerence
m  Airmass flow rate, kp/s p Air density, kginy'
N Number of cloth layers T System {cycle) time, s
P Friction puwer, W
Q [leat encrgy, W Subseripts
Re Reynolds number
S Mass ol desiccant, kg a absorption
T Absolule temperature, K f friction
n Air velocity, m/s i Initiat or inlet
W Rate of accumulated mass of vapor, kg/s o Final or outlet
W Mass of regenerated water, kg r regeneration
X  dimensioniess conecentration ratio sys  system
X solution concentration, kg/kg { total
v Waler vapor

2. THE SUGGESTED SYSTEM AND ITS OPERATION

A new non-conveniional system lo exlract water [rom atmoesphieric air based on absorption-
regencration processes using liquid desiceant is constructed.

2.1.The Sappested Cyele

An absorplion-regeneration ¢yele for a svsiem with cloth material impregnated with liquid
desiceants can follow that suggested by Ilamid [13] with some modifications. Firstly, the
cycle suggested by Hamid [14] consists, as shown in Figure (1), of the following four
processes:

-Process | *-2 is isothermal absorption of water vapor from low temperature moist air.
-Process 2-3* is constant concentration heating of absorbent.
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-Process 3*-4 is constant pressure regeneration of absorbent.
-Process 4-1* is constant concentralion esoling of absorbent.

Praclicatly process 4-1* can not be performed under constant concentration, because this needs
desiccant to be coeled in the absence of air. The strong solution, represented by point 4, with
high temperature is cooled due to the heat transfer betwecn the flowing cold air stream and hot
desiccant. During cooling period, the desiccant temperature decreases and consequently the
cold desiccant with relatively low vapor pressure causes (he desiccant to absorb water from
cold air siream. As the heat transfer coefficient is high compared to the mass lransfer
coefficient and due to the small heat capacity of desiccant bed, thermal equitibriun occurs
during a small period of time compared to the total absorption time. As a result, process 4-1*
must be changed to a process of absorption under varying temperature and coneentration that
represented by the line 4-1. The position of point 1 and the shape of the line 4-1 depend on the
air stream velocity, (he heat capacity of desiccant bed and the lemperature difference between
atr stream and desiceant bed at the end of regeneration process (heat trangler paramelers).

Also, Lhe weak soluliou at point 2, the end ol absorption process, can nol practically follow the
constant concentration process 2-3*, for the same reasons mentioned above in describing
process 4-1.  The process of heating desiccant from absorption temperature, point 2, to the
regeneration lemperature, point 3, follows the line 2-3 instead of 2-3*. In the same way, the
shape of proeess 2-3 and the position of point 3 on the constant temperalure regeneration line
depend on the velocity of air stream, the desiceant bed heat capacity and the temiperature
difference between absorption and regeneration processes (heat transier paramcters),

So the medified eycle, as presented in Fig. (1), consists of the following four proccesses:

-Process 1-2 1s isothermal absorption at Jow temperature.

-Process 2-3 is variable concentration heating of absorbent.
-Process 3-4 is isothermal regeneration at high temperature,
-Process 4-1 is variable concentration cooling of absorbent.
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Fig. (1) limproved Cycle Fig. 2 Layout ol the water extraction system



M. 63 Ahmed A, Sultan

2.2, System Description.

The design of the system of water extraction from atmospheric air, by subsequent absorption
and regeneration through a desiccant bed, must be simple, efficient and cheep. The sugpested
system is so design to satisfy these advantages. The system layout is illustrated in Fig. (2). It
consists of two identical columns, the dimensions of which are 180x180 mm and holds one of
two identical beds. The inlets and outlets of each column are connected to two four-way
valves A and B respectively. The function of valve A is to dircet the Now of hot and cold air
sireams periodically through the two columns.  This process permils the bed ol the two
columns to change their functions periodically from absorption to regeneration. The function
of valve B is to direct the exhaust air from the absorber to the atmosphere, and the hot humid
air {rom the regenerator to the system condenser. The hot water vapor carried oul with the hot
humid air from the regenerator is cooled and condensed using an air cooled condenser. nol
shown in Fig. 2. In order to enhance the efficiency of the system, the cold air [rom the
absorber can be used to cool the hot humid air from the regenerator via an air-to-air heat
exchanger, not shown in Fig. (2).The packing of each bed consists of 13 vertical cloth layers of
17.5 mm width and 17.5 mm height. The cloth layers are made of 1.5 nun thickness collon
knitted fabric with total surface area of 0.7962 m®. More details about the packing are given in
Reference [14].

JTHEORETICAL ANALYSIS

Practically speaking, all desiccant operates by the same mass transfer mechanism of water
vapor or wmoisture under the difference belween the water vapor pressure at their surface and
that in the surrounding air. When the vapor pressure al the desiccant surface is lower than that
of the air, the desiccant allracts moisture. When the surface vapor pressure is higher than that
at the surrounding air, the desiccant releases moisture.

As the moisture conlent of the desiccant rises, so does the vapor pressure al its surlace. Ata
certain point, the vapor pressure at the desiccant surface is the same as that of the air. the lwo
are in equilibrium. Then moisture can notl move in either direction until some external force
changes the vapor pressure at the surface of the desiccant or in the air.  Both higher
temperature and increased moisture content increases the vapor pressure at the surface. When
the surface vapor pressure excecds that of the surrounding, moisture leaves the desiceant, the
process called regeneration. Afler the heat regenerates the desiccant, ils vapor pressure
remains high, so that it has very little ability to absorb mwisture. Cooling the desiceant reduces
ils surface vapor pressure so that it can absorb moisture again.

J.i.Absorption/Regencration Propertics

The absorption/regencration cquilibrium relations ol Caleiwm Chloride, whicl is used as the
working absorbent in this study, are correlated for compuler caleulation purposes. An altempl
is made to correlate the data presented by Sultan [11.14] in order to facilitate the calculation of
the outlet concentration of the absorplion and regeneralion processes as a [unction of the time
and other parameters that alfect these processes. [n these correlations the outlet concentrations
are sel as [unctions of desiccant initial concentralions, air inlel temperatures, air infet mean
velocities and the time of the processes as [olluiws:

- 3 -0.0304 . 175 .
Xp= 2.59x 197 Ta—f) 039 U 0.0304 rﬂl 073 in 781 . ()
05<u,<3 300<T, €350, 02<x <05
X, = 1.37x lo—ll T r0.0917 UF-(‘I.UER -l-.r-) 43 XU().()‘JS, (2)

12
Les

05<u, €3 300<T €350 and 0.2 < x, 0.5
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Where subseripts a and rreler to absorption and regencration respectively and subseripts 1 and
o reler e initial and final concentrations through the absorption coluin respeclively and vice
versa through regencration column.

Lquations (1) and (2) predict the values of oullel concentrations for absorption and
regeneration with a standard deviation of 10%. These two equations can be used 1o evaluate
the operating limits of the system [or a given condition, and can also be applied for a
parametric study to evaluate the effect of various operating parameters on the system
performance,

For the absorption process, the final concentration at which absorption ends (x,) depends on
the vapor pressure in the atmosphere and (he absorption lemperature and nearly equals the
solulion concentration at equilibrium  with air. Tor the regeneration process, the final
coneentration at which regeneration ends (x;) depends on the regencration temperature and
desiceant vapor pressure in order to avoid cryslallizalion of the desiceant solution. This value
equals the initial concentration of the absorption process ‘

3.2 System Efliciency

The elficiency of the suggested system depends on the energy consumption. whiclh depends on
air velocily and air inlel temperature as well as the concentration differcnce during the
absorption/regencration process. Increasing air velocity increases the encrgy added to forced
air streams.  Also heating or cooling of air increases the energy consumption of the system.
The power consumption due to airflow through the system can be calculated as:

Py=my Apy/ paand Py =y Ap/ pr (3)

Where, p and m are the densily and mass flow rate of air respectively. Ap is the pressure drop
of air through the system, which can be caleulated (or the absorption and regeneration coluins
respeclively as follows:

Apy =fimaz Ul /2Dh and’ Ay =lpyz u’ /2 Dh 4
Wlhere z and v are the bed height and air mean fiee stream velocily respeclively.

The hydraulic diameter Dh of the absorption and/or regeneration columus is p:menle(l as four
limes the volume of air fTow divided by the total wetted surface area,

Dh=2(b-NU)/(N+2) (5)
Where b and t are cloth layer width and thickness respectively and N is the number of cloth
layers.

The friction faciors £, and [; for air flows through absorption and regeneration columns
respectively can be sel as functions of Reynolds number of air flow in the following forn,

[,=aRe and I,=aRe” (6)

Where o and § are constants and can be calculated from the experimental results. The
Revnolds numbers are defined by,

Re,=u, Dh/ v, and Re, = u, Dh/ v, (7

Where, v is the viscosity of air,
The heat cquivalent to energy added (o air streams during absorption and regeneration
processes can be evaluated by dividing the lriction power by Carnot energy (actors C, and C,.

Qe P/ Cu+ PG (&)
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Camol encrgy factors C, and C, depend on air inlet temperature duving absorption T, and
regeneration T, respeetively and the ambient air temperature Ty. Consequently Carnot energy
factors can be expressed as,

Ca=ToTayTy and C,=(T-T)T; (%)

The energy required for heating and cooling air streams in the regeneration and absorplion
colunns respectively can be calculated from the following equations,

Qr=m Cp; (T -T,) and Qu=my Cp, (Ty-15) (10)
Where, m, Cp and T are the air mass flow rate, specific heat and absolute temperalure
respectively.  Subscripts a, r and o refer to absorption, regeneration and ambient conditions
respectively,
The total encrgy required for the process ol waler extraction (rom atmospheric air through
absorption/regeneration columns is calculated as,

Q= QU+ Q+Qy (D
Substituting from Egs 3, 8 and [0 in Eg 11 yiclds,

Qv = e Cpe (17 =T} + 1ug Cpy (Fa= 1)+ 00 Apy Ay Ca} + me Ape/ (pe Cp) (12}
As e purpuse of this study is to produce water from atmospheric air, the useful heat Q, will

be assuined equal to the latent heat of regenerated water vapor (L) at the corresponding
regeneration temperature T, multiplied by the mass of regenerated walter vapor w, i.e.,

Qv‘—‘\“"'Lr'{'E (£3)
Knowing the desiccant concentrations at the beginning and end of the regeneration process (x,

and x;) and the initial mass of desiccant solulion before the regeneration process S, one can
cvaluate the mass of the regenerated waler vapor as [oliows,

W = (Xi-Xo) So / X (14)
Substituting w in Eq. (13) we get,
Q\'=(xi'x0) Se LJ(T,‘(,‘) (15

The svstem efficiency is defined as the ratio of useful heat Q, and thetotal heat used to
produce the water with this system, i.e.,

MNeys = Qv / Qy {16)
Substituting from Eqs 12 and {5 in Eq. 16 we gel,

Nps = L (6GXa) So Lef CTxi)) 3/ L Cpe (1 =Ta) +mg Cpy (T T+
My AP A{pa Ca) + g Ape/ {pr Cp) ) (17)

Howwever. iU is convenient lo express the sysiem efficiency in terms of dimensionless [,
Tlus form can be se1 as.
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Mays = LXK (M O, + M 0, + My / Co+ M/ Cr)) (18)

The above used dimensionless parameters are delined as [ollows,
Dimensionless concentralion ratio, Xe=x; /(x-%o) (19}
Dimensionless air imass flow rales, M,=myt /S, and M,=m,1 /8, )

Dimensionlcss temperalure differences, 0=Cp (T, -ToWL, and 0, =Cpn(To- To¥L, (1)

Dimensionless pressure drops, n, =Ap/ (pe L) and my = Apy/ (paLy) 27)

OSYSTEM PROCEDURE

Iy order e deseribe completely the system  procedure, the handling ol it is divided into (wo
kinds, operation procedure and calculation procedure.

4.1 Operation Procedure

At the beginning of a cycle, valve A is switched 1o direct the cold air o the right bed and the
hot air to the lell one. While valve B is switched to direct the dehumidified cold air to the
atnosphere, or to a heal exchanger, and hot humidified air (o the atmosphere, or Lo the
condenser, Following adsorption for a pre-speeified time period, valve A is swilched 1o direct
cold air to the left bed and hot air to the right one. While valve B is swilched to direct the cold
dehumidified air to the almosphere, or to the heat exchanger, and the hot humidilied air to the
almosphere. or to the condenser. The (wo beds are subjecled (o repeated absorption and
regeneration cycles by switching valves A and B to the appropriate position. Because of this
arrangement, the desiceant always has he same initial and [tnai concentrations from one cycle
to another, Similarly, the inlet temperatures of air for absorplion and regencration processes
could be maintained at the same value in all cyeles,

The air flow rate can be varied from 0.019 (0 0.115 kg/s thal provided a mean veloclty in the
range 0.5 to 3 m/s. In commercial units, a face velocily in the range of 1.32 10 3.05 /s is
generally used. The desiccant concentration ranges from 20 to 50 percent for absorption and
regeneration can be used in the system, The effect of a parameter is studied by varying one
parameter at a time while other parameters are kept constant.

Nole that the amount of waler absorbed during the absorption process should be equal to the
amount of water regeneraled during the regeneration process. The maximum regeneralion
temperature used in this work can be set equal to 30 “C, while the minimum absorption
teimperature eait be set equal to 17 °C,

4.2 Caleubation Procedure

First ol all. the fellowing restrictions must be laken inte consideration in caleuliting (he syvstem
ellicieney:

L-As absorption and regeneration are interrelated. the tine periods of both processes musi be
eyuils, t.e. 1,771

2-In order lo reach a steady stale operalion, the moisture lranslcr ol both absorplion and
regeneralion processes must be equal.  Also solution concentration al the end of absorption
period must be equal o solution concentration at the begining of regeneration period and vice
versa.

3-The air mass flow rate {air velocily) for regencralion must be as low as possible in order to
decrease e energy required for moisture condensation,
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Using the alorementioned restrictions, the calculation procedure can proceed as follows:

|-Assume air mass flow rate [or absorption m, and (or regeneration my,

2-Assume initial concentration [or absorplion x; absorplion time period t and air inlet
temperature [or absorption T,

3-Calculate the final concentralion for absorption x, from Eq. 1.

4-take initial concentralion [or regeneralion equals the f[inal concentration for absorption x,
and vice versa.

5-Knowing the regeneration time (t;=1=t) and the regeneralion air mass flow rate m; onc can
calculate the initial air temperature [or regeneration T, from Eq. 2.

6-Knowing the air mass flow rate, air inlet temperalure, time period and initial and final
desiccant concentrations for absorption and regeneration respectively, the efficiency of the
syslem can be calculated using cquations 18 022 .

5. RESULTS AND DISCUSSION

The system suggested in this work consists ot periodically absorbing/ regenerating cotumns,
Fach column consisls of identical bed made of vertical multi layers of cloth material
impregnated with calcium chloride solution of dilterent initial concentrations. The main aim ol
this work is to study the eflect of the air inlel temperature and air mcan velocity through both
absorption and regencration columns, on system efficiency. Also the efTect ol initial and final
concentrations and cycle time on the system efficiency are discussed.

5.1 Effect of Cycle Time

The results of calculation of system efficiency for dilferent discussed parameters are
demonstrated in Figs. (3-16). From the over view of these figures it can be observed that, the
systemn efficiency increases with time until it reaches inaximum value at certain time and then
decreases with [urther increase in time. The peak value of system elficiency depends on the
different parameters discussed in this work. This can be explained as follows:

The driving force for absorption, as well as, regeneration is the dilference in walter vapor
pressures i air and at the desiccant surface. This pressure difference changes with the
desiccant concentration, which changes with the cycle time at constant air properties,
Successive change in the desiccant conceniration changes the pressure difference and
consequently changes the absorption and regeneration rales. The accumulated mass of
absorbed or regenerated water incrcases with cyele time. But the rale of increase of
accumulated mass of waler vapor increases with time up to a maximum value at certain time
and then decreases with [urther increase in time as shown in Fig. (3). Onc can conclude that

the system elficiency follows the same trend as the change in the rate of increnses of
accumulated mass of water vapor at constant other operating parameters. This is because the
total energy added to the system depends on other operating parameters, which are kepl
conslant.

5.2 Effect of Ambient Temperature

As already known, ambient temperature widely changes depending on climatic conditions
allover the planet. This change in ambient (emperature affects the value of Camot efficiencies
and energy added 1o the svstem through absorption and regeneration periods. In order (o show
the effect of ambient temperature on the system efficiency, dilferent values between absorption
and regeneration lemperatures are used in the calculations with constant other parameters.
Figure (4)shows the relation between ambient temperature and both Carnot energy factors and
the air lemperature differences through absorption and regeneration columns. It is seen from
the figure that, increasing ambient temperature decreases the temperature dilference of air
stream through the regeneration column and, in the smne time, increases the lemperature
difference ol air stream through the absorption column. Also. increasing ambient lemperature
increases Camot energy factor [or regeneration column and, in the same time, decreases Carnot
energy factor for, absorplion column.  As a result the heat encrgy added to the absorplion
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column incrcases while the frietion energy deereases with the increase of ambient air
temperature.  Also the heal energy added to the regeneration column deereases while the
{rietion energy increases wilh the increase of ambient temperature. So the lotal energy
consumption in the system is independent of ambient temperature and so does the system
elficiency as shown in Fig. (5).
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3.3 Effect of Air Stream Temperatures

The relation between the regeneration lemperature and both final concentration and ¢ycle lime
are shown in Fig. (6). While Fig. (7) indicates the effect of the regeneration temperature on the
system efliciency. It is seen from Fig. (G) thal the increase of regeneration temperature
increases the final concentration and decreases cycle thme.  This is because increasing the
regeneration temperature increases the repenecration rate and consequently increases the final
concentrativn at constant cycle time or decreases (he cycle tinme at constant [inal concentration.
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It is observed from Fig. (7) that the system clficiency has a peak value with respect to the
regeneration temperature.  This is because increasing the regeneralion temperature inereases
the regeneration rate and the energy added through the regeneration period. Increasing the
regencration rate increases the system clficicncy while increasing the energy added to the
system decreases  the system clficicney. This makes the system cfficiency increases or
decreases with the regeneration temperature through cycle tiime.

40 T 1 T 0.4 TYTEW T T T T T T
To=303 K,uy=0.5 m/s, J ‘ .
=® =0.5mis and x;=0.4 -
“:‘%30 ! - g 4
15 | 5 0.36 -
g2 : '
2 -
g | 4
& H g
E —g 0.32 -1
z 10 i i 1
b ) i
w2
L 1 i
0 L L | 1l e "7 O%P PRSI | 2o annl g annl NI
300 305 310 315 320 325 330 .01 0.1 1 10 100
Regeneration tepmerature{T ), K Cycle time x10°3, 8

Fig (7)Ef fect of regeneratian temperatnre  Fig (8) Final conceniration versus cycle tine
on the sysiem  ¢f ficlency at  dif feremt  af dif ferent absorp tion temy eratires .
absorp tone temperatures.

The regeneration temperature and final concentration as a funclion of cycle time are shown in
Figs. (8 and 9) at different absorption temperatures. It is concluded from these figures that the
increase in cycle lime, al constant absorplion temperature, is followed by a decrease in final
concentration and regeneration temperature as discussed carlier. The figures show also that the
final concentration increases with the absorplion temperature, while the regenemtion
temperature decreases with the increase of absorption temperature at constant cycle tme This
may be due to U decrease of lhe absorption rate with the increase of the abserption
temperature at the same time.  Also increasing the final concentration needs higher
regeneration lemperature 1o perfor regeneration of absorbed water ducing the same period of
time.
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The relation beiween the system efficiency and the absorption teinperature is illustrated in Fig.
(10). 1t is seen {rom the figure that the peak value of the syslem efficiency increases with
decreasing the absorption temperature. The cycle lime, as shown [rom Fig. (10), can be
divided into two periods, through the first period of time, the system efTiciency increases with
decreasing the absorption temperature, while, the system efficiency decreases wilh the
absorption temperature through the second peried of time. This trend may be because, the
repeneration temperature decreases with the increase of ihe absorption lemperature and as a
resull, Lhe system efficiency increases. But incrcasing the absorplion lemperalure decreases the
accuinulaled mass of water and consequently decreases (he system efficiency. These Lwo
cllcets on system elficiency make it to increase (hrough the (irst period and decreases through
the second period of cycle time.

5.4 Lffeet of Desiceant Concentration

Increasing the cycle time at constant initial concentration decreases the final conceutralion as
shown in Fig. (11). Decreasing the final concentralion at constant initial concentration
increases he desiceant vapor pressure and consequently decreases Ihe desiceant femperature
needed for regeneration asshown in Fig. (12). Increasing ihe initial concentration at constant
cycle time increases the final concentration and increases the regeneration temperaturc as
shown in Figs. (11 and 12).
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Fig.(11) Final coscentrativn versus cycle Fig.(12) Regeneration femperature versus
time at dif f erent initiad concentration. cycle time af dif ferent initial concentration.

Figure (13) represents the elfect of the cycle time on the systen efficiency at dilTcrent inilial
concentrations and constant other parameters. Increasing the initial concentration increases the
regeneration temperature and as a result the system elliciency decreases. From the other hand.
at the same cycle time, increasing inlet concentration increases the absorption rate. which
increases the sysiem efficiency. Also increasing the cycle time, the rate of increase of
accurnulated mass of waler deecreases which decreases the system clficiency. The above-
mentioned trends inake the system efficiency have peak values, as discussed earlicr, depending
on the inilial conceatration. In the same time, this makes the system efficiency lo increase wilh
the initial concentration through certain periods of cycle time and decreases with increasing the
initial concentration during the rest of cycle time, as shown in Fig. (13). Al constant operating
paramelers, (he [inal concentration ol any cycle decreases wilh the increasc of cycle lime as
discussed above, sece Fig. (6). Therelore, the relation between (he [inal concentration and the
system elliciency muost {oilow the saine Tunction of the system efficieney and cyele time, Uhis
means {hat, the system ¢fficieney increases with (he decrease of Ninal concentration up o a
maximum  value and then decrcases with [urther decrease in final  concentralion as
demonstrated in Fig. (14). The peak values of svstem elficiency and the corresponding cycle
time depend on Lhe values ol operating parameters.
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5.5 Effect of Air Stream Velocity

Increasing the air stream velocity in the absorption column increases the rate of absorption and
in the samic lime increases the energy added to air stream and the power required to move it
through the bed. So this increases the amount of the absorbed water and in the same lime
increases the lotal energy required for the absorplion process. As a resull the efficiency of the
syslem increases with air velocily up to ainaximun value at air velocity nearly equal 1o 1.0
nv's and then decreases with further increase in air velocity. Figure (15) illustrates the relation
between the system efficiency and cycle time for different values of air velocity. The figure
shows that, system efficiency has maximum values at certain times depending on the air
velocily at constant other paramelers.
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Fig (15) System ¢f ficiency versus cycle
time at dif ferent regencration column
air veloeity.

Fig.(16) System ef ficiency versus eyele
time atl if feremt absorption colunmn air
velocity.

In order o show the clfect of air stream velocity in the regencration columin, the system
efficiency is calculated for air velocities in the column ranging from 0.2 1o 3 m/s, while other
parameters are kept constant. The results of these calculations are demonstrated in F'ig. (16 as
a refation between the system efficiency and cvele time. [t is observed from the figure thal. the
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systern efficiency and its maximwn value decreases with increasing air velocity through the
bed.  As the air velocity increases the total energy added to the air stream increases, while the
mass of rcgenerated water is constant because it cquals the mass of absorbed water, which
depends on the air velocity through the absorption column. This decreases the efficiency of the
system with increasing the regeneration air velocity.

6. CONCLUSIONS

Analysis of the operation of the absorption/regeneration system: for waler extraction from
atmospheric air, in the forced convection mode, has been developed. . The system efficiency is
defined in terms of the system design parameters. Also the effects of air temperature, air stream
velocity and initial and final concentrations through the absorption and regeneration columns
on the system efficiency have been well defined. Based on the obtained simulation results, the
following conclusions can be drawn: '

-The final concentration for the operating desiccant is strongly dependent on the initial
concentralion, absorplion temperature and regeneration temperature.”™

-The system efficiency has peak values depending on the cycle time, regeneration temperature,
final concentration and absorption air stream velocity.

-The system efficiency increases with the inilial concentration and decreases with the increase
of regeneralion air velocity and the absorption temperature.
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