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ABSTRACT

Producticn of fresh water by absorplion of moisture from atmospheric air may be the
only choice in sone piaces and circumstances. This can be performed by intreducing the air
into a packed bed of clothes saturated with a suilable desiccant to absorb water vapour from
air with subsequent regeneration and condensation of water vapour. In this work, the eifect of
air flow rate and its temperature on the ratc of moisture absorption and \n: regeneration
process is experimentally inver*igated. The power consumed in heating or cooling the air, and
the blowing power are considered. For this purpose, an experimental setup is designed and
constructed. A three hon«y comb packed bed units are arranged in the flow direction. such that
the face of the upstream units is perpendicular to the flow. The middle and down stream unils
are fixed in thg samc way. The three beds are saturated wilh Calcium Chloride (CaCly)as 2
desiccant. The Experimcmial work is divided into 1wo groups during the absorption and
regeneration processes. The first group is carried out for constant air flow rate and different
air temperatures, while the second group is carried out ar constant air temperature and
different flow rates. The powwr consumplion is caleulated according 1o the measured dala.
Results have shown that increasing the air flow rate during absorplion proeess is more
effective, while increasing its lemperature in the regeneration process is preferable. Results of
this work are presented in dimensioless and graphical form.
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INTRODUCTION

Due lo rapid increase of population and per captia consumption, the demand of the waler
has been increased. The fresh water can be produced by different technical methods,
desalination systems and by extraction of the moisture from atmospheric air. In some places
such as Saharain Arabic countrics which are far from the sca, potable water can be oblained
by transportalion from other location or extraction of water from air

Many researches were carried oul lo extract water from air by cooling il to a temperaturc
lower than the air dew point [1-6]. The application of honeycomb bed as a desiccant carricr
for absorption of moisture from air was also investigated [7].

Absorption and regeneration processes of water depend flow rate over the bed and its
temperature. lncreasing the air flow rate will increase the rate of absorplion. On the other hand
the required power increases with increasing the flow rate, Also, lowering the lemperature of
the flowing air increases the absorplion and regeneration rale tises with increase in
temperature. But the power consumption of the whole process will be increased.

To enhance the absorption or regeneration process as the power can be consumed in any of the
following ways: inctease the flow rate, decrease the air siream temperature during absorption
and increase its temperature during regeneration, therefore it is interested to determine the way
at which power consumptlion will be more efficient, The aim of the present study isto
evaluate and compare the effectiveness  of power consumption for enhancing either
absorption or regeneration processes,

THEORETICAL ANALYSIS

The efficiency of water extraction system depends on thc power consumed, which
depends on the air flow rate and ils teinperature. Increasing the air flow rate will increase the
consumed power. Heating or cooling alsc increases the power consumption. Therefore to
evaluate the effect of air temperature change and air flow rate on the system performance, the
power consumed must be caleufated for these two conditions.

The power consumed P, due 10 pressure drop in the bed ean be caiculated from the

foflowing equation;
P _=V.AP (1)
where F is the volune flow rate +f the air throagh the bed.

AP is the pressure drop in the bed depends on the air velocity aud the shape of the bed. it can
be calculaed from the following equatin [8];

AP — v

— e - Fpv? 2)
/ K P

where,

1 is the viscosity of the air,
v iy he sir velocity,
01 G B ity
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{ 15 the bed thickness.

K is the permeability,

F is the inentia coeffieient of the porous medium that can be calculatcd from the following
relation,

£
where
B is a dimensionless constant which depends on thc Reynolds nuinber, plate tnickness,
porosity distribution. According to Lavan etal [9], values of B tenges from 1.5.1.7, ¢ (s
the orthogonal parosity of the bed.
To evaluate the ower ar differcnt values of air flow rate, the vajue of the firsi le-tn of
cquation 2 equals 0.000031, 1 can be neglected, because it is very small, this res slis is
identical wih reference [9]. 1herefore, the pressure drop in the cell can be evaluated fro n the
following relation:.

AP = -F pv? (4
AP = k.v* (5
where & is the cquivaienr resistance coefficient. It depends on the flow area and ¢ inenic
coeflicient. Tt is calcuiated from the experimental work by measuring ficw veloca uud thar
pressure drop through the bed. i the present work its value is 0.0812.

From equation (1) and (%)

P =cv® (A
where ¢ is constant

Equetions 5 and 6 show chat the pressure drop and the consumed power depend orly on the
air velocity.

The keat consumed for heating or cooling the flowing air stream Q can be evaluated from the
following equation

Q=mc, AT (7)
where #. is the air flow rate, ¢, is the specific heat of air and AT is the terr peraturc
difference (rse or drop).

In case of generation the heat required can be assumed as that rejected from a heat pump
which consumes power P,:

%
Po=——— 8
5 copy, (8)

where, {COP}, 1is the coefficient of performance of the heat pump. Assuming Carnot cycle
operation,
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T,
T,-T

A ¢

{COP).H= ("

where T, is Lhe regeneration lemperature and T, is the ambient air lcmperature.

In ease of absorplion with air cooling, the power required P, is assumed as that consumed
by a cooling svstem, operating with Camnot cycle and can be calculated as follows;

@
Pe= (cop). (10)

wherc 5 is lhe Camot cfficiency, which can be calculaled from the following equation:

where COP_ is the coefficient of performance of the cooling cycle.. Assuming reversed

Carnot ¢cycle,
T

COP = £ (1
PR

wherc T, T, are ambient and cooling temperaturcs, respectively. In this condition, power is

consumed to decrease the ambient lemperature to 7'

EXPERIMENTAL SET UP

Figure (1) shows a schemalic dizgram of the cxperimental set up which is deseribed in
previcus work {7]. It that contains a cenlrifugal fan with variable speed from 0 1o {430 r.p.m
in order to control the rate of air stream. Variahle capacity hearer is also used te control the
temperatur: of the inlet air lo the lest section that consisis of three identical honeycomb, the
first is in upward direction, the second is downward direction and the third is in the middle.
E-ch honeycomb have a dimenstons (18 ¢m x 18 ¢m x 5 e ) placed in series. The face (18
« 1% cmi} of the honeyeomb bed units is devided inte 16 cells (4 x 4) facing low. Each
noneycomb is made of aluminum wire which is welded ogether to gave honeveownb cross
=cctions. A thick layer of cloth around the honeycomb was used as a bed carrying the desiccant
=olusion CaClz,

Farh cell of the bed is weighed and then imprey,..ated in the desiccant solution, During
me absorption and regeneration [rocess, the inass T cach cell is recerded every 5 minutes in
+der 1o evaluate the mass of absorbed water duting this time interval. The experimems were
sarvicd out at different values of air How rawz 10.00324, 0.029, 0.0389, 0.04536. .06395 Ky/s)
and an different inlet temperatures (21, 22,23, 25, 27 "C), The air stream velocily is measured
@ verage vaiue actoss the bed inlet and exil by & bot wire anemometer. Temperatures at inle
sxa ol sestion are measured at diffesent seints using thermocouples and the average value

i vl apted,
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Fig. 1: Experimental sctup
ANALYSIS OF EXPERIMENTAL MEASUREMENTS
Since Ca Cl; salt 15 rotyvolatice, the concentration of the solution can b - ot -
Som the following equa:n:
Xod, =X,V S
where;
M 15 the mass of soluticn and A . ike soluiioa eoncentration in the bed. subscrins | anc .

refers 1o initiel and inetantanenus conditions

M, = M, - A, (1%,

where A4, is the mass or the Jdr- ~o&, VW, is he & tal mass of bed and solution.

The humidity ratio of air can be caleulated at the ped exit seetion from the following equation.

W=W, + (+ sign for r2ge= .ion and - sign for absorption) {14

Ar.m,
Am is mass of absorbed water and 1 - is the abserption period and m, is the mass tlow rate of
flowing air..

The vapour pressure in the air £, can be calculated! from this equation:

WP

_ (13)
0.622 +W,,

v

where #, is the humidity ratio of air a1 exit secticn and P is the ambient air pressure.
The mass transfer cocfficient § can b #vzluied {rem the following relation,
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Anr

/- acara (e
and AP=P,-P, an
whete P, is the water vapour pressure on the bed surfaee
fl
= ;‘: {18}
where tmay i5 the saturation time at ambient temperature for praciical lowest flow rate
M= (19)
M

[4

M, is the mass of elothes in the bed.

The power ratio ( P, ) is calculated from the following relation:
P

PMJX

where , P, P, are the instantaneous power and maximum power respectively.

P == (20)

RESULTS AND DISCUSSION

The experimental tests are carried out at different inlet air temperatures and different
air flow rate. The aim of the experiments is to study the effect of air cooling and air flow rate
on the absorption and regeneration processes of a honeycomb bed impregnated with liquid
desiccant of CaClLz.

Figurcs (2,3 and 4) show the mass ratio {Mr) variation with time ratio (Tr) at different
lemperatures and at constant air flow rate through the honeycomb bed. The mass ratio (Mr)
in absorption process i5 the ratio between the mass ol water in the bed to the mass of the
clothes 'n the bed. The mass of clothes in the bed cquals |7 gm. The mass ratio increases
with decreasing the temperature of inlet air. The time ratio {T,) in absorpti~n process is the
reiio beiween the instantaneous absorption timc and the maximum time for saturation. The
miaxitaul saturation time is the saturation timne at ambicnt temperature for practical lowest
fow yute. In the presenl work the maximum saturation time is about 100 minutes in
whscrplion arocess and 60 minutes in regeneration process. The praclical lowest (low rale in
<he resen work equals 0.00324 ke/s. The mass ratio reached to maxinium vatue 1.8 at a time
ratio ot 1 for the middle honeycomb bed cell, 1.4 for the dowoward honeyecmb bed and 1.6
for the upward honeycomb bed.

The wvariation of mass ratio versus :ime satio fcr ¢ilferent flow rates ar constant inlet air
rembzaalure (o the cells s presented in Figures ( 5, 6 and 7). The mass ratio increases with the
incivase of the air Mow rate. The maximum value of :he maszs ratic Is 1.8 at a tine iatio equals
", o max siara value of flow rate (0.06395 ky/s).

Sigvet from (8 to 13) show the rcgeneration process. Figures (8.9 and 11} show the

~len o the mass ratio {Mr) and the e satio (Tr) at constant temperature cimd Jitferen
o Sy rates 00029, 0.0389 |, 0.0453€ and G.09395 kgrs. The mass ratic (M in the
c.ogianrn process is the ratio berween the mass of solution regeneration fio die sad w
v 2es of 'he clothes ir the bed. The time ratio i the regencration process is the raiio
lie time durng the experiment and maximum saturation time. the maximun

RIS
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saturation 4 18 the saturalion time for the practical lowest flow rale. The variation of the
mass railo versus time ratio for different temperatures 35 , 40, 45, 49 C at constant flow rate
are preserted in Fig 11, 12 and 13. The mass ratio increases with the derrcase flow

temperatuce st < snstant flow rate,
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Tigure 12 shows the varialion of power
.atio versus mass ratio for both absorption
‘nd regeneration. The absorbed 1
Uaeenerated) mass ratio is higher due
temperaure change, than that due to flow
ra.2 ¢hange. However, the mass ratio for the
absorption process is higher than that of
regencration process either for lemperalure
or mass {low rate change. For example, at a
power patio of unity the mass ratio during
ihe absorplion process is equal to 1 for
ternperature change, but it equals to 0.45

Wvarbvd mukd e Tor varishla flom rus
Aaguneraled mass rptin for yirabla flow ke /

absorbed {regeneraled) mass ratig
o
2
—

during rzgeneration process. For flowrate — *® 7

ckenpe { at the same power ratio), the mass 1

ratio is 0.7 for lhe ahsorpiion process and 08 AT~ —
0.45 for regeneration process. 000 010 030 030 040 0sp 080 070 030 24t 1c0

POWET rand

The mass transfer coefficient is ealculated
from equation (16) for the absorption and |Fig. 14: variation of absorption (regeneration)
regerieration ar variation of flow rate and its mass  rallo Yersus power rallo

feraperatures. Results are shown that the average .
M N >
vriue of mags ‘ransfer coefficient ranged from 0.04 10 0.05 kg/s.m. mm® .Hg.

CONCLYSIONS

- In this work, the absorption of moisture from atrospheric air to producc fresh waler 1s

investigated. The effect of air flow rate and i1s temperature on the absorption and regeneration
processes for a honeycomb packcd bed saturated with  Calcium  Chloride
“{Ca Cly 25 a desiccanl is experimentally testcd. The power consumed in heating or coaling the
1ir, and the blowing power are considered. For this purpose, an experiniental selup is designed
and constmcted. A honeycomb packed bed saturated with Ca Cl; as a desiecant is employed.
The power consumption is calculated according 10 the measured dala. Results have shown
that, during the abscrption process, the caange of infet air temperature is more eJective in
vapsur absorpticn than increasing the flow rate. Inercasing the inlel air temperature is also
more effective in the regeneration process. In all cases ( temperature change and flow rate
~hisage ) the miass exchange is higher in absorption process than that of regencration process.

NOMENCLATURE
8 dimensionless constant, Eq. {33

" soucific heat of air, kIkg. k

VTP the soefficient of performanez for et pumgp

ST he poefficT=nt of performancs fir cooling ryele,
el 2 e gatstance coefTicient, 2g (%)
the permesbility, m?
e Lot thooxness, m
w thy mass of water inthet= L g+
e o, flow rave, kg's
Yo mase of the dry bed, g
e omnsd ol L hsdrs i the bed g

2o s boTwaen e mass of wate 0 e ped 1o the mass of the clothes m the bed
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M, the total mass of bed and solution, gm.

o,i initial and instantaneous condition

P, the consumed power for cooling, W

P, heat pump consumed power, W

P, the instantaneous power, W

Poa  the maximum power supplied, W

P, the power ratio.

P, the water vapour pressure on the bed surface, mm Hg

P, the vapour pressure in Lthe air, mm Hg

(] the heat consuned, W

T, the cold iemperature, K

T, the hot teraperatdre, K

l e Instaradlous abscrplic™ e, §

lmax  the saluiauon time at ambioat temperature for practieal lowest flow rale. s

I the satin B> w eer %2 instoraneous absorption time and the maximum fime & .t tare.
v the air valceity. mis

4 the volume flow rate, m/s

F the inertis soefficient of Lthe poraus medium

W, the hwm:c ity ratio of 2.7 al exit section.

X, the inilial .wecenleanon

AP the pressure drap uough ihe honeycomb bed. Nrm?
AT Lhe terrperaarze ditfrrence fris2 ar drop). K.

Am mass o absarhed woer a2

Ar the ahsorption per o, sec

L the dyran ic viscosay or the air flow rate, N.s. m’

B the mass teansfer coetlic’ent, kg/sec.’mm Hy

p the air ficw rate deasity, kg '

y. the Carnut 2tiic e
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