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Nomenclature xz, = mole fraction of water vapor

Ts = saturated temperature of moist r,, = water vapor in a saturated moist air
F(°C) sample

) relative humidity (%) h, = specific enthalpy of dry air

w, = Humidity ratio of saturated moist h, = specific enthalpy of water vapor

air
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1. Introduction

One of the critical issues in this world is
a energy crisis. Saving energy, especially
electrical energy, is the one of solutions to
solve the energy crisis. In summer,
electrical energy tends to be consumed at
very high rate. Electricity is used for
operating conventional air conditioning
system in order to create human comfort
zone. The damp air (hot temperature and
high humidity) can bring up uncomfortable
condition to the occupants.

Many researchers had tested experimentally
the performance of packed bed dehumidifier
and regenerator [1 - 3]. Liquid desiccant air
conditioning system [2 - 5] has been
proposed as an alternative to replace
conventional vapor compression cooling
system in the hot and humid area. The
packed tower 1is the most significant
component to advance heat and mass
transfer in the dehumidifier. Moisture is

transferred from unconditioned air to the

desiccant.
) Desiccant Desiccant
Air Outlet inlet Ajr Outlet Air inlet inlet Airinlet

i

b |

' ! |
Air inlet : Air Outlet
Desiccant Desiccant

outlet outlet

a b

Air inlet Air Outlet

Figure 1. Flowing types counter flow type (a) and
parallel flow type (b) in the packed tower
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The outlet air temperature or humidity
ratio may exceed the range of the inlet air
when there is an inverse situation between
both side parameters. Because of the
interaction in heat and mass transfer
process, the inlet air and inlet desiccant
condition can generate this inverse. Hence
knowing reachable outlet condition will
greatly contribute to the design and
optimization of a solar liquid desiccant
system.

Previous experiments had been focused
on the counter flow [2 - 5] or the cross flow
patterns [6]. Almost no reported experiment
has been performed on parallel flow type. In
a sensible heat exchange, the counter flow
configuration outperformed, and the parallel
flow configuration performs lower than that
of the counter flow type at the same
conditions.

Several significant effects to the heat and
mass transfer are decided by controlling
variables. They are inlet air temperature,
air humidity, air flow rate from the air side
and desiccant temperature, concentration
and liquid flow rate. This paper describes
which should be

considered to get optimal mass transfer

combined conditions
with working region. Working region is a
range of temperature and humidity of inlet
air condition, where mass transfer still
exists between humid air and thick liquid
desiccant. By using working region diagram,
design for the optimal packed tower capacity
can be performed to get greater heat and
mass transfer effect consuming low electrical
energy. It will also contribute to design of
the packed tower and optimization of a
solar liquid desiccant cooling system.
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2. Experiment set-up and apparatus

A solar liquid desiccant air conditioning
system has been proposed as an alternative
to replace conventional vapor compression
cooling system for controlling air humidity.
In this experiment, lithium chloride is used
as the desiccant. Fig. 2 shows a schematic
diagram of the solar desiccant cooling
system, with a three dimensional view,
suggested by Choi, et all6].

Figure 2. Three dimensional view of a solar desiccant
cooling system

Where is,

a. Air inlet of a parallel flow type or air outlet
of a counter flow type in dehumidifier

b. Transferring storage tank

. Packed tower in dehumidifier

d. air outlet of a parallel flow type or air inlet
of a counter flow type in dehumidifier

o

e. Outlet of desiccant solution

f. Solution storage tank in dehumidifier

g. Air inlet of a parallel flow type or air outlet
of a counter flow type in regenerator

h. Packed tower in regenerator

1. Air outlet of a parallel flow type or air inlet
of a counter flow type in regenerator

j. Chiller

k. Inlet of solution

1. Thermal storage tank
m. Solar collector
n. Solution distributing tank

The of the
dehumidifier in both types are as the

experiment procedures
following:

Lithium chloride (Licl) as a strong liquid
desiccant tank is cooled by a chiller in the
storage. Licl temperature was kept at 18°C
uniformly by a chiller. A small pump
located in between chiller and storage tank
was supported to circulate 4 I/min of Licl
solution. 15 liters of Licl solution in the
storage tank only circulated during the
experiment. This volume was relatively
small, because of monitoring the changes
within working range of Licl solution in
short time. Also because of the acid
property of Licl liquid desiccant, the
experimental apparatus needs to be made of
the non metallic to avoid corrosive
problems.

So the packed layer was made of acrylic
material and dimension holds 400mm in
width, 400mm in length, and 400mm in
height. The structure of packing material
imbedded inside the packed layer keeps a
uniform shape. A Licl sprayer was installed
at the packed layer and Licl distribution
from the storage tank to the sprayer was
supported by a small pump. With gravity
force, Licl solution dropped through the
packed layer without depending on any
additional energy and back to the storage
tank.

To make the humid air contact with a
liquid desiccant, a blower was adopted at

outlet of the duct. The air speed was
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supplied with 10 m/s circulating inside the
room with no inducing the outside air.

In pattern of the parallel flow type, inlet
position of the humid air is located at upper
part of the packed layer and lower part of
the packed layer with the counter flow.
of heat
between humid air and Licl desiccant was

Behavior and mass transfer
monitored inside of the packed layer during
the experiment.

In addition, the carryover of the desiccant
at the terminal of the dehumidifier caused
by much of air volume has been reduced by

putting demister into the outlet of air.
3. Experiment instruments and method

The apparatus was set up as described at
the above and appropriate instruments were
provided to measure the various values
from the experiment.

Liquid desiccant flow rate was measured
by Dewier placed before the sprayer, after
pumped to the packed tower. Air flow rate
was measured by a Tesco anemometer, a
digital vane type, acquisitioning the velocity
directly in meter per second.

Air temperature and humidity were
recorded by TandD, digital
recorder, respectively which has accuracy
by 0.1°C and 0.1% difference.

Specific gravity was measured by a

thermo—

hydrometer. The reading has been taken at
several points as indicated in Fig. 3. All of
the experiment data were acquired through
Fluke Net Data Acquisition System (DAQ)
with accuracy by 0.1°C difference after
measured at inlet and outlet of the packed
layer.

20

temperature
sensor

Figure 3. Instrument location in the dehumidifier
experiment

4. Experiment analysis

When it comes to the calculation of heat
and mass transfer in the packed tower, the
air side gives more simple but accurate
analysis than that of the liquid side. The
humidity ratio, enthalpy, and moist volume
of air can be calculated as follows.

Humidity ratio of the saturated moist air,

w,, on the psychometric chart, can also be

founded by the following simpler polynomial.
The humidity ratio of the saturated air at
the dry bulb temperature is obtained by
the following equation:

W, = atarToras T +a T +as Ty @)

Where
a; = 0.00080264 az = 2.542e-06
az = 0.014299 aq =2.5855e-08

as = 4.038e-10

The saturated water vapor pressure of the
air is determined by the following fraction:

WsPat

Pus = ) 0.62198 @

S=Ef ORISR ==& Vol. 30, No. 5, 2010



A Study on Heat and Mass Transfer with the Different Flows in a Solar Desiccant Cooling System/ Eflita, Yohana <]

The relative humidity of moist air, ¢, is
defined as the ratio of the mole fraction of

the water vapor, z,, In a moist air to the

w
mole fraction of the water vapor, z,,, in a
saturated moist air at the same temperature
and pressure. The water vapor pressure of
the air is calculated by the following
equation.

Pw = PPus (3)

Then the humidity ratio of air would be
as following:

Dy
w, = 0.62198 ———— 4)

at yzn

The following assumptions are suggested
for the enthalpy calculation of moist air:

1. The ideal gas equation and Gibbs
Dalton law are wvalid.

2. The enthalpy of dry air is equal to zero
at 0°F(17.8°C).

3. All water vapor contained in the moist
air is vaporized at 0°F(17.8°C).

4. The enthalpy of saturated water vapor at
0°F(17.8°C) is 1061 Btu/Ib (2468 k]J/kg).

5. For convenience in calculation, the enthalpy
of moist air is taken to be equal to the
enthalpy of mixture of dry air and water
vapor in which the amount of dry air is
exactly equal to 1 b (0454 kg).

Based on the preceding assumptions, the
enthalpy A of moist air can be calculated as

follows:

h=h,+wh, 5)

Here, specific enthalpy of the dry air, h

a’

is given by following equation:

hy = c,qT=0.240T (6)

On the other hand, specific enthalpy of the

water vapor, h,,, at constant pressure can

w?

be approximated by the following:
hy = hy,+ec, T (7

Then enthalpy of the moist air can be
evaluated as the following:

h,= c,gT+w(h,,+c,T) (8)

T

Here, by replacing measured values directly
with symbols in the above equation, the
equation can be transformed as equation (9):

h, = 0.240T+ w(h,, +0.4447T) 9)

In moist air, the dry air, water vapor and
moist air is supposed to occupy the same
volume. If the ideal gas equation can be
applied, the moist volume of the air is
transformed as follows:

R,T
vr:l: o R (10)

m Pat = Pu

Density of the moist air can be also
obtained:

py= = — (11)

In addition, mass transfer between moist
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air and liquid desiccant is given as follows:

7’;’7/: wr(inp) - wr(aut) = pr(inp) - pr(out) (12)
5. Results and discussion

Contacting effect between air and liquid
in the packed layer with two different flow
patterns, counter flow pattern and parallel
flow pattern, was evaluated from the
measuring data. Performance on the solar
desiccant cooling system was analyzed

from the view of heat and mass transfer.

5.1 Counter flow type

In the counter flow type experiment, air
was circulated inside the room by a blower
and the direction of liquid flow was reverse
to the air. The variation on the humidity
and temperature of air was shown in Fig. 4.

This result has shown that the humidity
and temperature decrease in the room took
place when this system was adopted practically.
In general, the comfortable relative humidity
at 27°C is about 60%. The result also shows
that the air in the room reached the human
comfort boundary at 270 seconds after strating
the experiment with 15 liters of liquid desiccant.
It is significantly quick when considering the
human comfort standard..

In the counter flow type, inlet and outlet
solution temperature didn’t show a large
difference and also both air temperatures had
same trend in Fig. 4. However, it had showed
that humidity changes became constant in the
reign of comfort 60%(RH) after dehumidification.

Enthalpy difference between inlet and outlet
had became less after losing the absorbing
potential as time paseed by as shown in

22

Fig. 5, In addition, mass transfer rate also
became smaller than that of the starting time.
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Figure 4. Changes on air temperature (above) and
humidity (below) in the counter flow type
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Figure 5. Enthalpy (above) and mass transfer (below)
in the counter flow type
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5.2 Parallel flow type

In the parallel flow type, the blower
suction direction was changed while it
stayed the same in the counter flow type.
Fig. 6 shows the experiment result of
temperature and humidity variation.

ones in the counter flow type.
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Figure 6. Changes on air temperature (above) and
humidity (below) in the parallel flow type

In the parallel flow type, both inlet and
outlet temperature of air and solution didn’t
show any changes. Also, humidity showed
very slight difference starting, but didn’t
show any difference afterwards. Enthalpy
difference between inlet and outlet also
showed the same trend as humidity.

These results indicated that heat and
mass transfer rate in the counter flow type
are superior to the parallel flow type. As a
result, compared to the counter flow type,
enthalpy and mass transfer changing rates
in the parallel flow type are lower than the
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The experiments were performed based

on the performance of dehumidifying ability
with two different flowing types in a
dehumidifier. This
performed from a point of dehumidifying

analysis was also

capability and the conclusions are as

follows;

(1) In the counter flow type, inlet and outlet
solution temperature didn't show a
large difference, but humidity changes
became constant keeping stay in the
reign of comfort zone within short time
after dehumidification.

(2) Enthalpy difference in between inlet and
outlet had became less after losing the
absorbing potential and mass transfer
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rate also became smaller than that of
the starting time in the counter flow
type.

(3) In the parallel flow type, humidity,
temperature, enthalpy and mass transfer
rate from both sides, inlet and outlet,
had no significant difference compared
to the ones in the counter flow type.

(4) These results indicated that the performance
of heat and mass transfer in the counter
flow type is superior to the parallel flow
type by showing significant difference.
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