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Nomenclature

a - Specific internal surface for contact of
gas with liquid, m%/m’
aa - opecific interfacial surface for desorption,
m*/m°
Ce ° Heat capacity of liquid desiccant,
J/kmol - K
ds : Diameter of sphere of the same
surface as single packing particle, m
Dy, : Diffusitivety of liquid, m®/s
Fqe, FL ¢ Mass transfer coefficient for air
and liquid respectively, kmol/m” - s
Fe a, FL a ' Volumetric mass transfer
coefficient for air and liquid
respectively, kmol/m” - s
(G ¢ Mass flux or flow rate per unit cross
section area, kg/m” - s

G Superficial gas mass velocity, kg(D)

/m’.s

Hs ' Molar enthalpy of liquid stream,
kJ/kmol

hg, h, © Heat transfer coefficient for air

and liquid respectively, W/m” * K

hg a, - Volumetric heat transfer coefficient
for
h, a : air and liquid respectively, W/m" - K

0.667
jp - Mass transfer group= F65¢5 / G

ju : Heat transfer group= h PI’GQ667 / G
ka, ki, * Mass transfer for gas and liquid
respectively, kg/m”.s
kin © Thermal conductivity of liquid, W/m - K
L : Superficial liquid mass velocity, ke/
m’ - s
My : Molecular weight of liquid, kg/kmol

18

m : Water evaporation rate(g/s) or per
unit cross section area(g/m” - s)

Prg, Pry,: Prandt] number of air and liquid,

respectively

tq © Alr temperature,OC

t;  Interface temperature, "C

Sca, Sci, @ Schmidt number for air and

liquid, respectively

X, Y ' Concentration of water in liquid and
air respectively, mole fraction

Xi,Yi : Concentration of water in liquid

and air respectively, at interface,
mole fraction

XM - Mean concentration, mole fraction
7z . Tower height, m

Greek symbols

¢ : Void fraction volume in dry packed
layer
€L - Void operation space 1n packing
Ug, W - Viscosity of air and liquid,
respectively, kg/m * s
pe, pL : Density of air and liquid kg/m’

¢L09¢LS,¢LI . Liquid operation, static, and
total holdup, respectively

¢ : (Concentration of the desiccant by

mass, %

1. Introduction

There are two kinds of desiccant materials.
One is a solid desiccant, the other is a
liquid. Liquid desiccants, such as lithium
bromide, triethylene glycol, lithium chloride,
and calcium chloride solution, have a strong
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concentration to absorb the moisture in
humid air. The merit using the liquid
desiccant for handling the air is that it is
easy to regenerate repeatedly under normal
temperatures and relatively low pressure.

Liquid desiccant systems can provide
cooling effects by only dehumidifying the
air. If the strong liquid desiccant contacts
the humid air directly and then it turns into
the dilute after absorbing moisture out of
the humid air. In order to reuse the
desiccant in the system, it should be
regenerated by solar energy up to a certain
level of concentration.

Oberg and Goswami (1] have studied about
several models to predict the performance of
these kinds of systems, which are counter
flow types with a packing layer for
regeneration of the liquid desiccant. A finite
difference model was often used to calculate
an effectiveness of the heat and mass
transfer in the packing layer, while being
operated for dehumidification.

Elsayed et al (2] have also published
papers concerning these phenomena.
Solar-heated hot water is used as a kind of
heat source to extract water contained in
the liquid desiccant. Though the temperature
level is not very high, it is enough to
regenerate the desiccant.

Choi et al (3] already developed a solar
operated liquid desiccant system using
lithium chloride as working fluid and made
it clear that the regenerating speed can be
increased rapidly when the solution
temperature 1s above 50C. Condensed water
of 13kg as regeneration rate was acquired by

operating 9 hours a day under fine weather.
The water evaporation transferred at the
packing layer of regenerator was promoted
much more than that of the case of a smooth
flat plate.

Fathalah and Aly (4] carried out the
experiments on the solid desiccant bed
which was working in a solar power A/C
system. It needed a LiBr-H20 adsorption
cooling system, and the working fluid was
regenerated by a heat rejected from a
condenser of the machine. The regenerator
should provide as large as possible specific
surface area and extend a contacting time
between liquid solution and humid air for
the purpose of increased performance of
heat and mass transfer in the packing layer.
Fumo and Goswami (5] have conducted the
respects by
matrix and

analysis regarding these
| desiccant
separately. In this analysis, five governing
differential

introduced for explanation of heat and mass

treating the

equation models were

transfer within the matrix. |
Furthermore S. Alizadeh and W.Y. Saman
(6] investigated the

calcium chloride solution with different air

characteristics of

volume and flow rate of solution under
different air condition and solar radiation.
The results of the experiments indicated
that the amount of water evaporated out of
the weak solution increased as the air
volume 1ncreased.

2. Experimental Set-up and Procedure

In this experiment, a 20%w.t.(weight
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percentage) concentration of lithium chloride
was used as working fluid. Fig.1 shows the
schematic of experimental set-up with a
packing layer, which is a main component of
a regenerator. The regenerator has a shape
of a counter flow type to enhance the more
though the higher
fraction loss 1s. The weak concentration is

intensive contact,

sprayed from the top of packing layer by a
magnetic pump and humid air is induced
from a chamber by a blower. A regenerating
system with the packing layer consists of a
heat exchanger, pump and blower. The
packing layer with a height of b0cm has a
plastic packing material inside at random,
which has a height of 3cm and diameter of
3cm. The pump capacity is 74 /min. and
blower air is 3.7m'/s. Several electronic
hygrometers were adopted to monitor the
accurate behavior of the air.

The temperatures at several locations were
measured by a thermocouple and recorded
by a data acquisition system during the
experiments. Especially, 20 points of
temperature inside the packing layer were
strictly checked for more precise analysis.

Owing to the heating effect in winter
instead of cooling in summer, hot and humid
alr was induced from the lower part of
column and leaves through the upper part
as a state of the low and dried air. At this
time concentrated liquid desiccant was
sprayed from the top with a low temperature
and a high concentration, and leaves with
high temperature and low concentration.

20
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Fig.1 A Schematic of liquid desiccant regenerator

3. Methodology

The ultimate objective of the regener'ating
process is to transfer more water from the
weak desiccant solution to the air stream.
On the contrary, the water vapor is removed
from the humid air to desiccant solution
during dehumidifying. The driving force for
regenerating has a close relationship with a
difference between the vapor pressure of
the desiccant and the air. As long as the
partial vapor pressure of the water in the
desiccant is higher than alr vapor pressure,
mass transfer can take place between
them. In order to investigate the accurate
performance of packing layer in regenerator,
several design parameters that were
expected to affect the performance were

studied.
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Fig. 2 A cross section of typical regenerator

The 1interface temperature is normally
equal to the temperature of the bulk liquid,
since the resistance against heat transfer
from the liquid side is negligible. The
packing materials are adequately irrigated,
i.e., the interfacial surface has the same
area for heat and mass transfer and no axial
dispersion occurs in the packing layer. A
schematic diagram of a cross section of the
packing layer was shown in Fig. 2.

The enthalpy of the liquid solution is
defined as following:

Hy = Cley —19 )+ AH, (1)

dH, = C dt, + dAH (2)

In the packing layer, regeneration is a
process accompanying heat and mass
transfer at the same time. The driving force
for regenerating is a dominant function of
the difference potential for mass transfer.
This potential is the difference between the
humidity ratio of air and the humidity ratio
corresponding to the vapor pressure of

solution at the interface of the solution and
air.

Heat and mass balances across the
packing layer are normally established to
evaluate the packing tower s performance.
The basic differential equations at any
section are following as:

For heat transfer,

dt; hGa(tG _—ti)

dzZ Ge, (3)

For mass transfer,

au kgalt -1;)

dz G | (4)

Equation (4) also can be written like as,

v Fga (1-%

B C A

d7 G 1-Y (5)
The variation of heat and mass transfer

coefficients can be related to the following
equation.

Foa=kga.pg (6)

The interfacial conditions are influenced
by properties of the liquid and air stream,
and it tends to be varied from point to point
in the column. The interfacial condition can
be obtained as:

Fra
v oo1-(1-v) =2 e
b - X; (7)

The equations must be solved simultaneously
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with the wvapor-liquid equilibrium data.

F,a and k;a ¢an relate as follows:

Pr
FLa = kLa.XB,M. -

Furthermore total holdup refers to the
entire liquid in the packing layer under the
operation, which 1s made up with two
holdups, namely the operating condition and
the static.

Do = 0rp + Oy (9)

The interfacial area for evaporation of
solution 1s given by following:

L\ A
R08G 'p

a,, =m G L
Pg ,

Where m, n and p are empirical constants
and it would be given by Treybal (8). In
vaporization, the

(10)

area 1S
proportional to the entire holdup and the
relationship 1s given as follows:

interfacial

Prs

a=0,85aA—-—

¢Lo (11)

The void fraction available for air flow in
the packing layer is simply the difference of
vold fraction for the packing materials, the
operating void space in the packing:

ELo =€~ Pr (12)

For Raschic ring and Berl saddles,
coefficient at air side is given as follow:

22

. —0,36
d.G
1.195G
Hg (1 €10 )
F —

G~ 0,667
SCG

(13)

Also mass transfer coefficient for the liquid
side is given by following equation.

 ~ 0.45
D, | d.L 0.5
L Ay .
kL = 25.1 [ } | Sc;

d Hy (14)

S

Through heat and mass transfer analogy,
heat transfer coefficient based on air side
can be calculated simply by assuming jD =

JH
' -0.36
119SG'C{ dsG }
o PLugli-2p,)
G PrG0.667 (15)
Similarly, the equation for the heat

transfer coefficient from the liquid side can
be rewritten as following by using the
Trevbal equation(8):

by = 25150 {d“'L :!(PrL )

dg | M

(16)

The corresponding volumetric coefficient
can be obtained by multiplying equation
(13), (15) (16) with “a,

internal surface for contact, from the basis

and specific
of equation (11).

4. Result and Discussion

In this experiment the heat and mass
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transfer coefficient for the air side was
calculated by making use of equations (8) -

(16) for the packing layer with a height of
30cm.

Two correlation equations that would be

useful in analyzing the performance of the
packed tower was described. The formula for
both coefficients are given as:

FG q = (L’ ) (G’ )—0.4749 (TG)F0_605
Hg a=0.9997(1) ) 00001 (" 162559 () 0605

In the above formula, each value are also
as following:

¢’ = 3.64 kg/ms , L= 5 ke/m’s,
Te = 9.1t012.5 C

Alr side heat transfer coefficient

Volumetric heat tranafer Coefficient

2500 *
L

"
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Alr side temperature (°C)
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Air side mass transfer coefficient
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(b)

Fig. 3(a), 3(b) Relationships between air temperature
and heat and mass transfers, respectively

Fig. 3(a) and 3(b) have shown the results of
heat and mass transfer which stemmed from
the actual packing layer experiment.

In the results, while the air temperature
was Increased, mass transfer coefficient
was increased and the heat transfer also
increased gradually. From the experimental
results, it was clear that the hga, volumetric
heat transfer coefficient for air, and Fga,
volumetric mass transfer coefficient for
air, depend strongly on the level of air
temperature being induced.

5. Conclusion

In this paper a new method was indicated
to calculate the heat and mass transfer
coefficient for the air side in a packed tower.
And heat and mass transfer coefficient for
the air sides correlated with only air
temperature at this time. From the results,
it was clear that the heat and mass transfer
coefficient increased monotonically as the

‘air temperature increases gradually.

[t means that it is possible to replace the
heat transfer coefficient with the mass
transfer coefficient for optimum system
design. The reason why these methods
might be needed 1s difficult to measure
directly some data inside the packed tower
and to predict the optimum height of the
packed layer.
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