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Abstract

In this work, (::ecoretical znd expetimental studies of the influence ofbed design ps 2 <1352, )
ambient air propertivs oo the absorption of moisture [rom ambient airz-ep -ers ¢ [
desiccant bed wncer iocest’gation Is a cage frame with cotton cloih layers im piv 0z tec w..
Calcium Chloride soltic:, wheh forms the walls of the cage. The theoretic=! me . ;
the effect of arr teaperatire, humidity and desiccant p[hpemes (Lss L
concentraticr’y cn tre bsapinion prosess. A general expression describing the variuon F
desiccant coneentraiion with time, in dimensionless form is obtained In the exper.ezn il pi =
the set-up is prepared such that air humidity, temperature and flcw rate won b,
controlled during the =xperiments. Quantitative evaluation of the effect of 11 g e
deslecant parameters on the ahs~-ption rate aud instantaneous values of the o gh o2
water is presented and discuwsed Als, the comparisan betersen the results of t© he qetied
model and experimen*~l-'ata shews pood agreement
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INTRODUCTION

Fresh water supply is the limiling condition for the need of population growth and
development in many areas of the world. Water can be provided by transportation from other
locations, desalination of saline watcr and by extraction of water from atmospheric air.
Exiraction of water from atmospheric air, however, has several advantages compared wilh
other methods, where air as a source of waler is renewable and clean and has great amount of
water compared to fresh water in earth's surface [1]. Moreover, it is preferred 1o solve water
problem in many areas using the natural resources and the renewable energy sources like solar
energy where the available area 10 collect solar radiation and volumes of air are infinite.

Water can be extracted from moist air by cooling to a temperature lower than its dew point,
where the moisture is condensed. Several investigators [2-5] have studied this method.
Generally, it is reported that the energy consumption is hugh especially when solar energy is
used, to power the cooling system [6], due 10 low conversion efficiency.

Another approach for water extraction from atmospheric air is by absorption of moisture
from moist air into solid or liquid desiccants with subsequeni evaporation of warer from
desiccant by healing and condensation of vapor [7,8]. Solar energy can be used to power the
absorption regeneration systems, producing water from atmospheric air [9-13]. In addition, it
is observed that the desigr and operation of the absorption-regeneration system is simpler than
that of the cooling system.

Absorption of meoisture from ambient air can be enhanced by increasing the potential of
vapor pressure between air and desiccant or by increasing the mass rransfer area. The potential
of mass transfer is dependent on vapor pressure in air and on the desiccanr surface. Aunbient
air-dry bulb temperature and its humidity ralio limir the vapor pressure in air stream, whereas
the vapor pressure on the desiccant surface can be lowered by decreasing the liquid
temperature for a given concenlration or by increasing concentration for constant fiquid
temperature. Decreasing liquid lemperature can be carried out through thc heat transfer
between the cooled air stream and the desiccant surface.

Using solid desiccants ean enhance mass transfer area. However, higher regeneralion
temperature s needed in such cases. Also higher-pressure drop (power) of the air streain
passing through the bed is required. Cn the other hand, liquid desiccant such as Calcium
Chloride requires lower temperature for regeneration and a comparatively lower pressurc drop
for air stream passing through the absorption and regeneration towers.

When liquid desiccants are applied, recirculation of it trough the mass transfer equipment
consumes pumping power and the rate of absurption is limited by the contact area between
liquid desiccant and air streams. Application of solid beds, impregnated with liquid desiccant
can increase the area of mass transfer and consequently the mass transfer rate [14].

The objective of the present study is to provide additional analytical and experimenial dara
for desiccant absorption to a&id in the design of solar-based desiccant systems. Therefore,
experimental and theoretical aaalyses are carried out exploring the influence of air flow rate, air
inlet temperature and desiccant initial concentration (initial mass of salt). Also, a new desiceant
carrier is proposed in this study.

ABSORPTION MODEL

The kinetics of absorption depends on the rate of mass transfer between the air stream and
absorbent and can be expressed as:



-
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dM,,/ dt =Kg A (¥, - ¥5) (V)

Applying heat balance for the absorption process, the enthalpy of absorbent can be
evaluated from the lollowing equation.

dVdt = h A (T, T+ Kg A q (v - o) )

Where tis the absorption time, M, is the mass of absorbent, A is the absorption area, Kg
is the mass transfer coefficient, | is the enthalpy of absorbent, h is the hcat transter coefficient
between air and desiccant, T, and Ty are the temperatures of air and desiccant respectively
and q is the heat of absorption.

Absorption operatiens are usually exothermie, and when large quantities of solute gas are
absorbed 1o form concentrated solutions, the temperature effects can not be ignored.
However, in case of dilutc gas mixture ( ex. Water vapour in atmospherie air} it is frequently
salisfactory in these cases to assume (hat the operation is isothermal{i5] The water
concentratiott at equilibrium with ambicnl air y, and the water coneentration ir. the bed v, can
be respectively defined by the following relations,

Ya= I %y {3)
ys = 1-xs )

Where x; and x, are solution concentration in the bed and soluuon concentration at
equilibdum with ambient air respeetively.
Substituting from equations 3 and 4 in equation 1we get,

dM,, 7 dt = Kg A (% - Xp) (5)

The solution concentration xy is defined as the ratio of the mass of saii i .12 o lution to
the totat mass of solution as tollows,

% = My / (Mg+M,,) (6)

Where My, is the mass of salt and M,, is the mass of water in the sclution
Rearranging eqn. 6 yields,

My = Mg(1- x5/ % (7)

Differentiating the above ~uation with respect Lo time t,

dM,/ db = - (Mg /xg? Jdxg / €L i8)
From Eqn. 5 and 8 we get,

dxs / [xg" (Xg = X3)]= (A K/ Mgg) dt (9)
Integrating Eqn. 9 we get [16],

(kg %01 + (17 %22) In (1= xy%g) = (A K,/ M) 1+ C (10}
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