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1. Introduction particularly for hot and humid air caused
when latent heat load is larger than sensible

Desiccant systems can provide an effect heat.
of adequate dehumidification and cooling. In this research, a strong desiccant is
Liquid desiccant cooling system is useful used directly for contacting humid air in

Faudz} 20101,1 69 1¢, AAFEAE: 20109 6¥ 15, AAEA LA 20108 7€ 18Y
WA A} H 38K choikh@pknu.ac.kr)

36 BIEU|LIX|EHS] =27 Vol. 30, No. 4, 2010



Prediction on heat and mass transfer coefficients in a packed layer of a regenerator with a solar desiccant cooling system/ Effita Yohana ]

the counter flow packed layer to dehumidify a
stream air. To make the process continuous,
the weak solution of liquid desiccant, which
turns into the diluted solution after the
dehumidification process, needs to be
reconcentrated. To set up this process, the
weak desiccant was pumped to the regenerator
in which a total heat exchanging part is
already installed.

A total heat exchanging part would be
heated by solar collectors. The process air
in the regenerator unit is induced from the
bottom of the packing layer while lithium
chloride solution is sprayed at the top of the
packing layer and flows downward directly,
like a countercurrent flow type. The regeneration
process works from 30C and above, which
is very suitable for the efficient utilization of
solar energy for this purpose.

Ahmed Sultan., [1] carried out the analysis
of the operation of absorption/regeneration
system for water extraction from atmospheric
air. The conclusions are the final concentration
for the operating desiccant strongly depended
on the initial concentration, absorption temperature
and regeneration temperature. The system
efficiency has peak values depending on the
cycle time, regeneration temperature, final
concentration and absorption air stream velocity.

Choi et al., [2] have studied a solar operated
liquid desiccant system. They made it clear
that regenerating speed can be rapid when
the solution temperature is above 50C.

Fumo and Goswami., [4] already developed
a lithium chloride desiccant system for
dehumidification. The influence of the design
variable studied on the water condensation
rate from the air and evaporation rate from
the desiccant can be assumed as linear.

Furthermore Y. Yin,, et al., [7] have also
published papers about sorption dehumidification

by the liquid desiccant. The average mass
transfer coefficient in the packing layer of
regenerator is 4g/m'-s.

In this paper, a method predicting the
suitable height of the packed layer in the
regenerator is described from the base of
volumetric heat and mass transfer coefficient
which were presented from the point of
countercurrent flow view between air and
liquid desiccant passing through the packed
layer with plastic at random.

2. Experiment set-up and methods

The experimental apparatus was designed
for keeping the flow rate constant during
the experiment. The flow rate of air and
liquid desiccant are 110m'/h and 5kg/m’s
respectively. The main packed layer was
constructed with an acrylic and the volume
was 3bcm(in height) x 35cm(in width) x
30cm(in length).

In the experiment, the porous plastic was
used as a packing material because it
allowed the flow of the desiccant to be wide
and uniform along with downward. Many
plastic packing materials were stuffed inside
the packed layer at random and each one
has a height of 3cm and a diameter of 3cm.
On the other hand, a regenerator consists of
a fan, a heat exchanger, and a pump. The
liquid desiccant is normally heated by hot
water which was generated by solar thermal
energy. The temperature of air stream and
humidity entering and leaving the packed
layer were measured just before around
entrance and exit respectively. Lithium
chloride with about 28(w.t.)% of concentration
was used as liquid desiccant. The loop of
liguid desiccant regenerating process is
shown in Figure 1.
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Fig 1. Configuration of experimental system
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Fig 2. Continuous counter current adiabatic gas-liquid
desiccant

3. Theoretical analysis

A packed layer is filled with lots of
packing materials. Desiccant trickles down
from the top wetting the surface of the
packing materials, while air is induced from
the bottom as shown in Figure 2. The driving
force for regenerations is the difference at
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between equilibrium vapor pressure of the
desiccant and the partial pressure of vapor
in the air. As long as the partial pressure
of the desiccant is higher than that of the
air, mass transfer can take place from the
solution to the air.

The theoretical analysis of the heat and
mass transfer in a packed column was
derived from Treybal's work[8] on adiabatic
gas absorption. In accordance with references|2,
3, 5], the assumptions in this study are:

1. The system is adiabatic.

2. The thermal resistance in the liquid
phase could be ignored in comparison
with the gas phase.

3. The change of sensible heat is smaller
than that of the latent heat so that it
is negligible.

4. The interfacial surface area for heat
and mass transfer is same and equal
to the specific surface area of the
packing materials.

5. The thermal resistance in the liquid
phase could be ignored.

6. The temperature gradient takes place
only along with the flow direction.

A mass balance for the liquid side is

over the lower part of the packed layer.

L-L,=G(Y-Y) (1)

This relationship is fairly complex and
will be developed in manner of Olander.
Referring to Figure 3 represents a section
of layer of differential height, dZ, and aspects
of liquid and gas, separated by the gas—liquid
interface. The changes of temperature and
humidity are all differential over section.

The mass transfer rate per tower cross
sectional area and the mass transfer resistance
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in the liquid phase is negligible.

N, M ,adZ = -GdY (2)

Sensible heat at gas side, as energy rate per
tower cross sectional area, is the following.

geadZ = h,'a(t, —t,)dZ (3)
L+dL, t+dt, G, t+dt,,
" H,+dH, H+dH, Y+dY
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Fig 3. Differential control volume of a regenerating
surface layer

Enthalpy balance base on the envelope 1
sketch in Figure 3.

GH —{G(H +dH)-GdY|C,(t, —t,)+ 2, ]}
= qgadZ 4)

The mass transfer rate can be written as
GdY =kya (Y, -Y)dZ (5)

Humidity gradient in this expression is
obtained from equation (2).

day _ kaca(

P —P.) kga
dz G

“—?(Y—Y') (6)

v,G Vi

By integrating equation (6), a new relationship
would be as following.

kga=—In|-1—L (@)
z \y,-y

A stepwise heat balance across the tower
is normally performed to evaluate the tower
performance. Hence the heat transfer coefficient
must be calculated at every step instead of
assuming that it is constant throughout the
layer. Air temperature variation across over
all segments could be obtained by heat
transfer gradient.

dﬁ _ hG'a(tG _ti)
iz Ge ®

p

By integrating equation (8), it was found
as following.

G t., —t,
hG'a = cp IH{L] 9
V4 tG,2 -

1

On the other hand, mass transfer coefficient
changes in the air side are also given by
Treybal
equation (10).

(8) and it eventually turned into

2 f -0.36
FGSCGA - 1.195{‘4G}
G Hg (1 _ELo) (10

ds is a diameter of sphere of the same
surface as a single packing particle.

In the absence of applicable data, heat and
mass transfer coefficient by convection are
estimated by adopting an analogy of heat
and mass transfer. On assuming jD=jH,
equation (8) can be transferred as following:

Journal of the Korean Solar Energy Society Vol. 30, No. 4, 2010 39



[=2] e delAetsl =2

hG

_ % FM
_—Pr/ =jD — G v Sc%

TG G (1)

The heat transfer coefficient for gas side
can be calculated by applying the analogy so

that it can be transformed as next equation.
d.G'

-0.36
:uG (1 - gLn :|
PrGO.667 (12)

1.1956@{
he =

Table 1. Liquid holdup in the packed layer

. Nominal size Aqueous liquid or water at
packing ; ds . e
mm n ordinary temperature
% 1 0085 po=1.508 d"" 073
b = 5.014 x 10 3
Plastic Pall rings 3 15 0.053 > 0.87
232 x10 °)737 5L'Y

50 2 0.0725 ¢, = d\l( ) 0.74

By using the Chilton-Colburn analogy for
the vapor phase and assuming a penetration
theory mechanism for the liquid phase, we
obtained followings related to heat transfer
coefficient.

%
hs'a | Sc,
F.a {Prj [pG ”]

4. Results and discussions

Experimental ratios of heat and mass
transfer coefficient usually show a considerable
variation, even in case of pure liquid in the
packed columns. A vapor transfer can take
place at the bottom and top of the column
where air and liquid contacts inside the
packed layer. If dry areas are left in the
packing due to poor liquid distribution or low
liquid flow rate, these areas are available for
heat transfer, not mass transfer.

To improve heat and mass transfer in the
packed layer, one device is adopted for
liquid distribution to be more efficient. In the
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regenerator, a spray system was designed
for goal to distribute the solution uniformly
over the packing layer.

Heat and mass transfer coefficient were
calculated along with each locations of the
packed layer. Based on these calculated results,
the analysis was done by the same fashion
as the case of the maximum height of the
packed layer.

Heat transfer coefficient at air side during
regeneration process
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Fig 4. Heat transfer coefficient during regeneration
process

Figure 4 shows variations of the heat
transfer coefficient at each location height of

the packed layer. Heat and mass transfer
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coefficient started to increase, by 2m of the
height of packed layer, after the both values
became constant.

Figure 4 and Figure 5 show the information
of maximum height for proper performance
in the packed layer and its height is
approximately 2m.

Mass transfer at air side during regeneration process
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Fig 5. Mass transfer coefficient during regeneration
process

Figure 6 yields the air absorption rate per
volume as a function of the height of
regenerator packed layer, after 2m of height in
the packed layer, there is no more absorption
rate and the value keeps it constant. This is
due to the fact that the weak desiccant has
high vapor pressure and the potential for
being generated could be increased.

Mass transfer rate at air side during regeneration
process
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Fig 6. Mass transfer rate during regeneration process

5. Conclusions

The theoretical model of a regenerator has
been verified based on the actual experiment
data from air side. In this paper, it is indicated
that a method is to calculate volumetric heat
and mass transfer coefficient for liquid-air
contacting in the packed layer, for the air
and liquid desiccant flow rates are 110m’/h
and bkg/m's respectively.

This analysis was adopted as the same
fashion to figure out the most suitable height
for regeneration in the packed layer and
conclusions are as follows;

(1) Heat transfer coefficient was slightly low
at the bottom of the packed layer, but it
finally showed almost same coefficient as
2,820W/m'K from around 2m in height.

(2) Mass transfer has also almost same variation
as heat transfer in performance. The mass
transfer coefficient was approximately
4.8m/s at maximum after outlet of the
packed layer.

(3) In variations of water evaporation, humidity
changes had no more difference between
air side and liquid after 2m of the height
in the packed layer.
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Um Specific interfacial surface for desorption, (m*/m’)

e Heat capacity of dry air, (J/kmol.K)
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Z Tower height, m
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Greek symbols

. Void fraction volume in dry packed

tower
Lo Void operation space in packing
A Latent heat of vaporization, (J/kg)
LG Viscosity of air (kg/m.s)
pa, Density of air (kg/m’)

¢ ¢ ¢ Liquid operation, static, and total
Lo®> ¥Ls,"'Lt  holdup, respectively

Subscript

G of air side

of interface

S=Ef ORISR =& Vol. 30, No. 4, 2010



