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Abstract

In open cycle liquid desiccant air conditioning, the solar collector regenerator is one of the
effective ways of regenerating liquid solution. In this work, the regeneration of liquid sotution
using cross flow of air stream with flowing film of desiccant on the surface of a solar
collector/regenerator has been investigated. To evaluate the effect of cross flow of air stream
on the performance of the unit two identical units are constructed and tested in the same
conditions of operation. One of the two units is augmented with air blower. The absorber
plate is a black clothe layer. The forced air stream, which flows a cross the absorber removes
the moisture from the liquid solution. The regeneration in the other collector/regenerator unit
is free. The results show enhancement of regeneration efficiency for the forced cross flow
compared with the free regeneration. The effect of concentration and flow rate on the
performance is discussed. Two relations for regeneration efficiency as a function of
concentration for the two units are introduced.
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INTRODUCTION

The open cycle absorption solar
cooling system has received much
attention due to its low electricily
consumption and high feasibility. Since the
rate of walter evaporation from desiccant
zives ot direct measure of the system
wooling  capacity,thc  regenerator is the
main parl of the open refrigeration cycle. A
schematic of an open solar absorption
wooling system is shown in Fig. 1. The
weak absorbent solution is heated and
subsequently concentrated in the solar
collcctor, which is open to the atmosphere.
The strong regenerated solution leaves the
collector and passes through a liquid
column, to allow the strong solution to go
Ilrom atmospheric pressure to reduced
pressure. Then, the strong solution passes
through a regenerative heat exchanger on
its way to the absorber, where the strong
solution  absorbs  water from the
cvaporator, maintaining the low pressure
required with the energy suplied by heat
from the cold space. The resultant weak
solution is pumped from the absorber back
o atmospheric pressure through the
regenerative heat exchanger and the
collector, completing the cycle. An
analytical method for calculating the mass
of water evaporated from the desiccant
solution as a function of climatic
conditions has been studied by Kakabyev
and Kbhandurdynev (1969). Its performance
is ol major concern in development studies
by Mullic ct al 1974 and Gandhidasan
1983,

Haim ¢t al 1992 performed detailed
simulations of two open absorption
- svstems. one with direct regeneration using
regeneration/collector, the other with
indirect regeneration using solar heated air
in packed tower.

A forced flow solar/regenerator is one of
the most effective methods of regeneration
ol the weak liquid solution in an open

cycle liquid desiccant air conditioning
using solar energy. Alizadeh ct al 2001
studied the performance of forced flow
solar collector/regenerator using liquid
desiccant. The weak solution flows over
the absorber as a thin film and the forced
air siream flows parallel or counter to the
solution. In the same cases, the liquid
desiccant dehumidifier can work with an
evaporation cooler to meet the completc
cooling load. During the process of
dehumidifying the incoming air stream, the
liquid desiccant also useful in cleaning the
air of airborne dust and bacteria. Clcan,
dry air is important in many applications
such as hospital rooms and crop drying.
Samanet 1987 studied the effect of forced
flow collector/ regenerator on the
performance.

Most experimental studies were performed
for natural convection collector.
Gandhidsan 1984 had reported a
theoretical study and concluded that the
forced convection collector/regenerator
may perform better than that of natural
convection.

Ru Yang et al 1994 conducted an
experimental study on the performance of
a forced convection solar
collector/regenerator for the open cycle
absorption using LiCi. The results show
that the counter flow case can improve the
collector/regenerator efficiency.

In the present work the thermal
performance of a forced cross flow solar
collector/regenerator and free convection
were carried out. The air stream flows a
cross the absorber for the first unit. The
Calcium Chloride (CaCl;) solution wiih
different concentrations flows upon the
absorber surface. The effect of the
different parameters such as amount of
flow rate and concentration on the
evaporation rate and  regeneration
efficiency were evaluated..
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Fig.1: Open cycle absorption system (Collier 1979)

EXPERIMENTAL SET UP

The layout and photograph of the
experimental set-up are shown in figures
(2-a) and (2-b). Two identical regenerator
units with the same shape and dimensions
arc uscd. The absorber surface has
dimensions of 0.6 m x | m. It is made of
the black layers of cloth. One of the two
units is augmented with blower (7) and
duct (9). To control the air flow rate valve
(8 ) is. fitted in the duct branch. The
interior of the duct used is divided into
small passages to insure even flow
distribution. Weak aqueous solution CaCl,
is supplied from tank (1) to the upper end
of the absorber surface through a PVC
spray header . At the lower end, the
regenerated strong solution is collected in a
PVC tube and collected into tank (5). The
forced air strcam velocity is measured. An
anemometer is  used for  velocity
measurements at different points of the
duct cross section and then the mass flow
rate of air is calculated.

Hourly values of the mass of evaporated
water {rom desiccant solution film are
evaluated by measuring solution flow rate
at inlet and solution concentration at
regenerator inlet and exit. The solution
flow rate was obtained by measuring the
variation of thc solution height in the tank

with time. To evaluate the density of
solution, sample of solution is taken out at
regenerator inlet and exit for the two units,
its weight of a given volume is mcasured.

The solution concentration at inlet and
outlet from regenerators is determined by
measuring density and temperature and
then using CaCl; tables to find the
corresponding  concentration.  (Zactsev
1988, Hawlader 1992 and Saito 1999 )

Solution temperature at inlet and exit, bed
temperature and ambient temperature for
the two experimental units are recorded
during the daytime using thermocouples.
The solar radiation intensity was measured
every hour by using short circuit D.C
current of calibrated solar cell using digital
multimeter.

To attain steady state flow of desiccant
solution on the regenerator surface, liquid
solution is allowed to flow for one hour
before data collection. During this transient
period of operation, the surface of the cloth
layers is completely wetted and uniform
distribution of the liquid on the black
surface is observed. Different values of
weak solution concentration are used in
this experimental study.
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Fig. (2-a) Layout of the experimental setup

Fig. (2-b): Photograph of the experimental setup
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ANALYSIS OF THE EXERIMENTAL
MEASURMENTS

The efficiency of regeneration
depends on air flow rate and solar radiation
intensity. In this analysis the experimental
data arc uscd 1o calculate the regeneration
efficiency for the two units. Also the mass
transfer coefficient was calculated for the
tWO units.

The inlet mass flow rate can be calculated
from the following relation:

X,
hdsuul = hdshlsszﬂ_

soul

(H

Where;
M, solution mass flow rate at regenerator
inlet
Mo . solution mass flow rate at
regenerator outlet
X, solution concentration at regenerator
inlct
Xsow solution concentration at regenerator
outlet
The evaporated water (M,,) obtained as
follows:

M., =My, ~Mgu 2
From equation | and 2

ML‘I':M“" {l - ﬂ_]

oM

The regenerator efficiency #,, can be

defined by the ratio between the energy
consumed to evaporate water from the
desiccant to the total incident radiation and
calculated from the following equation:

M.k,
S 3
7 3)

n ey =

where:

hy . the latent heat of evaporation of water
H, total solar radiation falling upon the
regenerator surface

The mass transfer coefficient h,, is defined
as:

evap

L(W HI—W iy )

“4)

n

Where:

Watm is the absolute humidity of
atmospheric air

W, is the interface humidity ratio which

can be evaluated from the following
relation:
P,
w,=0622 ——- (5)
where:

Pam is the atmospheric pressure

P, is the water vapour pressure of the
solution. The vapour pressure on the
surface can be obtained by knowing the
solution temperature and concentration
where it can be calculated from the
following relation(Hamed 1999)

AX)y=a, =2X

B(X)
Py=A(X)-——"7 6
log(F',) = A(X) t+111.96 ©)
B(X)=b,+b X
Where:

ag= 10.0624, a; = 4.4674,
bg = 739.828, b, = 1450.96,
t is the solution temperature in C.

RESULTS AND DISCUSSION:

The aim of the experimental work
is to study the effect of forced cross flow
on the performance of solar regencrator.
Different parameters were studied such as
airflow rate and solution concentration of
Calcium Chloride solution on the system
performance. The weak solution flow rate
used in this work is 10 kg/h

Figure 3 shows the typical data for
variation of bed temperature, ambient air
temperature and solar radiation during the
day for the two units. It can be observed
that the bed temperature increases with
time and reaches a maximum limit in the
afternoon. The temperature profile of the
bed indicates that the energy s
continuously stored in the bed, which will
result in increase in the temperature in the
afterncon period. The bed temperaturc of
unit 1 (forced cross flow) decreases due Lo
the cold air from the ambient. The solar
radiation takes the same trend as that of
bed temperature duringthe day. Also,
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(igures {3-a) and (3-d) show that the bed
temperature depends on air flow rate. The
bed temperature difference ( deference
between the bed temperature of unit 1 and
Unit2) reached 5 C at low air flow rate
and about 12 C at higher air flow rate,
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The effect of forced cross flow at
low solution concentration on the
evaporation rate is shown in Fig. 4. It can
be observed that the evaporation rate
increases strongly with increasing solar
radiation. In general, the evaporation rate
increases with increase of air flow rate.
[fowever, for the higher rate of air flow
rate (160 kg/h) the rate of evaporation
decreases again in Fig (4-c), it can be
explained as follows: as the air flow rate
increases the mass transfer coefficient is
expected to be higher, however the air
velocity also affects the generator
temperature, which means that an
excessive increase in air velocity result in
decrease of generator temperature and
conscquently decrease in  the vapour
pressure. This may results in decrease in
rnass transfer potential
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The maximum value during the day
depends on the value of air flow rate. It
reached 1.0 kg/h m” at X =0.11 and at air
flow rate m, = 80 kg/h and reached 0.95
kg/h m® at ma = 120 kg/h , reached 0.85 at
ma = 40 kg/h and reached 1.1 kg/h m’® at
m, = 160 kg/h The figure shows also the
varuation of the exit solution concentration
during the day. It can be observed that the
concentration  for both  regencrators
depends strongly on the solar radiation
intensity.
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Figure 5 shows the variation of the
cvaporation rate during two days for
medium  solution  concentration  (24%,
30%) at the same flow rate (80 kg/h). It
can be observed that the evaporation rate
increases with decreasing the concentration
of weak solution. The cvaporation rate of
the forced regeneration reaches 0.76 kg/h
m at inlet solution concentration of 0.24
and rcached 0.6 kg/h m? at inlet solution
concentration of 0.3. The figure shows that
the eflect of 1the inlet solution
concentration corresponds to a lower
solution  vapor pressure, the evaporation
ralc  decreases with increasing inlet
solution concentration. Also, the figure
shows that the forced convection
regenerator unit has a higher rate of
evaporation than the natural one. However
this difference depends on the inlet
concentration.
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Fig. (5) the variation of evaporation rate
‘and concentration during the day
for Xi =24%, 30%

The variation of the evaporation
rate during two days for higher solution
concentration is illustrated in Fig. 6.. It can
be observed that the evaporation rate
decreases with increasing the solution
concentration. This is due to the fact that
the vapowr pressure increasecs with
decreasing in solution. concentration and
consequently the mass transfer potential
also increases. Also, the figure shows that
the difference bhetween the forced
convection regenerator unit and free unit is
small at higher values of concentration.
This means that the effect of cross flow at
the higher concentration is small.
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The variation of regeneration
ciliciency for the two units at different
inlet concentrations and different values of
flow rate during the day time has been
displayed in Fig. 7. It can be interpreted
from figures (7-a), (7-b), (7-¢) and (7-d)
that for a fixed inlet concentration, the
efficiency at 1 P.m. reaches 0.66 at m, =
80 kg/h, 0.63 at m, =40 kg/h, 0.78 at m,
=120 kg/h and 0.79 at my=160kg/h. Also
this figure shows that the forced
regencration has higher efficiency than the
natural  regenecrution.  The  difference
depends on the value of flow rate.

The variation of the regeneration
efficiency at medium values of inlet
solution concentration (0.24, 0.3)atm, =
80 kg/h are shown in Fig. (7-e) and (7-f).
It can be observed that the efficiency
decreases with the cancentration increase.
It reaches 0.6 at inlet concentration exqquals
0.24 and reaches 0.56 at inlet concentration
cquals 0.3.The figure shows also that the
forced collector/regenerator has higher
efficiency with sensible value at the
beginning of the day due to the water
extracted with the cross air instead of free
solar collector/regenerator which is at fow
temperature.

Vigures (7-g) and (7-h) shows the
variation of regeneration efficiency at
higher inlet solution concentrations. It can
be seen that the efficiency decreases with
the concentration incremse. Also it is
observed that the efficiency difference
between the force and free regencrator is
small.
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The mass tnuosfer cocficient s
calculated from equation 4 and represented
in Figurc 8§ for onc day as an cxamplc. It
shows the variation during the day for the
two units (free and forced regenerator)
used. It can be seen that the mass transfier
cocflicient for the forced air flow unit is
approximatcly twice that of the frec
convection unit
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From tihe experimental data the
average daily efficiency in terms of
solution concentration for the forced cross
flow rcgenerator (m, = 80 kg/h) and free
flow regenerator, respectively (Fig. 9) can
be correlated in the following relations.

For forced cross flow regenerator,

~0.403
= 03Xy
For free flows regenerator

Average cificency
a o
g 2
T T
/,b
L
L ]

Wi v T
000 00 020 030 a0 oM
Inket Concenleanion

Fig. 9: Average daily efficiency for forced
and free flow conditions

CONCLUSIONS

Investigations are made of forced cross
flow of the solar regenerator/collector
performance and compared with the free
convection solar regenerator collector. The
effect of operating conditions such as flow
rate and concentration on the regenerator
cificiency was studied. The following
conclusions can be obtained from the
present work:

I- Water evaporation rate from the
weak solution depends on the
solulion concentration and forced
flow rate.

2- The forced convection cross flow
solar regenerator has higher
efficiency than that of free
conveetion regenerator

3- The relations  between  the
regencration efficiency and
concentration were obtained

4-

M. 24

The mass transfer coefficient for
the forced unit used in this work is
higher than that of free unit. With
about 200% at flow rate 80 kg/h ny’
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