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Abstract. In this work we are presenting the results of studies of the
effect of hydro and aecrodynamic parameters of the process of water vapor
absorption during intensive bubbling in the dynamic foam mode on the
absorption process efficiency. As a result, it was found that the
hydrodynamic characteristics (height of the foam layer of the absorbent
and its resistance) and aerodynamic characteristics (gas velocity,
longitudinal mixing in the gas phase) have the main influence on the
efficiency of the absorption process. We also investigated the effect on the
efficiency of the process of kinetic characteristics, characterized by the
number of transport units and absorption factor. We have proposed to
estimate the overall efficiency of the process, taking into account the
degree of extraction, as well as the energy characteristics (hydraulic
resistance), weight and size characteristics and the drop entrainment
volume. For this purpose, for the overall assessment we have proposed to
introduce a conditional optimality ratio, allowing to make a comparison of
both various contact devices and absorbents.

1 Introduction

The systems of both comfortable and technological air conditioning, as a rule, include de-
humidification units [1, 5]. Most widely used are the air dryers based on the use of various
sorbents [6]. The choice of the sorbent depends primarily on the requirements for the
degree of dehumidification. In addition, it is necessary to take into account the energy
efficiency of the process, the weight and size characteristics of the drop entrainment and a
number of other factors.

This work is devoted to the study of the process of air dehumidification using liquid
sorbents. The efficiency of absorption processes depends to a large extent on the catalyst
chamber in which this process is carried out.
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2 Methods

For the catalyst chamber we have chosen a cyclone-foam apparatus with the dynamic foam
mode. Devices of this type have proved their high efficiency when conducting heat and
mass transfer processes [7-9].

In order to identify the optimal operating modes of the cyclone-foam apparatus, a study
was conducted of the effect of various process parameters on the efficiency of absorption.

In the process of the study, the following basic parameters were measured: air velocity
and flow rate, consumption of absorbents, air and absorbents temperature, moisture content
of air, concentration of absorbents, height of the dynamic foam layer.

The efficiency of the absorption apparatus is usually characterized by the degree of the
component extraction [10].

The degree of extraction achieved depends on the technological mode of operation of
the apparatus and on its quality [11-16]. The degree of extraction can be expressed by the
extraction ratio, which is the ratio of the amount of the component actually absorbed to the
amount that would be absorbed with the most complete extraction:
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where Cor is the initial concentration of the component in the incoming gas, kg/m?; C’

is the final concentration of the component in the incoming gas, kg/m?; Cor* is the

concentration of the component in the gas, in equilibrium with the concentration of the
incoming liquid, kg/m?>.

A number of authors use the ratio of the overall efficiency of mass transfer according to
Murphree [17] as a characteristic of the efficiency of mass transfer:
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where C, is the concentration of the component in the gas, in equilibrium with the

concentration of the outgoing liquid, kg/m?.
From equations (1) and (2) it follows that the value of the extraction ratio
determines the composition of the outgoing gas at the initial concentration of the

component in the incoming gas C, and the incoming liquid C* and the value of the total
mass transfer efficiency E determines the composition of the outgoing gas at the initial
concentration of the component in the incoming gas CO" and outgoing fluid C" .
Equations (1) and (2) are related by the formula:
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where A= is the absorption factor; V- liquid flow rate, m¥%h; Vv, - air flow

vV, m,

rate, m*/h; m_ - is the equilibrium constant.
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Evaluation of the efficiency of mass transfer using the ratio £ is convenient for direct-
flow phase motion, since in this case, E it determines the efficiency of the process as a
measure of its approximation to the theoretical one.

3 Results and Discussion

As a characteristic of the efficiency of the absorption process in a cyclone-foam apparatus,
it seems appropriate to use an extraction factor of y, which depends on the number of

transfer units N .

In order to achieve the most efficient operation of the apparatus for a given number of
transfer units N _, the absorption factor value must be greater than 60.

The degree of extraction also depends on the kinetics of the process, expressed by the
number of transfer units N and on the degree of longitudinal mixing, characterized by

the Peclet number. The influence of these parameters is unequal for different values of the
absorption factor; therefore, it seems appropriate to consider the dependences for little ( 4
= I) and big ( 4 = 60) values of the absorption factor, as is usually done in similar studies.
With the absorption of water vapor in conditions of low values of the absorption factor
A, longitudinal mixing produces almost no effect on the value of the extraction ratio. The

extraction ratio increases with an increase in the number of transfer units up to N . = 2.0.

A further increase in the contact intensity has very little effect on the value of the extraction
ratio.

The extraction ratio in this case characterizes to a greater extent the quantitative side of
the process or the depth of drainage.

With perfect mixing of the liquid that takes place in the cyclone-foam apparatus, the
qualitative side of the process of mass transfer, i.e. the degree of its approximation to the
theoretically possible, most fully reflects the ratio of the overall mass transfer efficiency
according to Murphree E. The values of the ratio of overall mass transfer efficiency
according to Murphree E and the extraction ratio y  are strongly influenced by
longitudinal mixing in the dispersed phase, which substantiates the need to be taken into
account when calculating the processes of absorption of water vapor during intensive
bubbling carried out in a cyclone-foam apparatus.

The kinetics of the absorption process strongly depends on the mode of operation of the
apparatus. To establish the optimal mode of the absorption process, it seems reasonable to
consider the direct influence of the regime parameters on the value of the ratio E .

The dependence of the overall efficiency of the absorption process on the air velocity
has a maximum. The calculation established that the maximum value of the ratio of the
overall efficiency of the mass transfer process according to Murphree corresponds to such a
mode of operation of the cyclone-foam apparatus, in which the gas content of the dynamic
foam layer is 0.74.

With a further increase in air velocity in the apparatus, the absorption efficiency first
decreases and then at a speed of more than 4.5 m/s it becomes almost constant. At low
altitudes of the gas-liquid layer, even a slight increase in E is observed. The absence of the
influence of the gas velocity on the intense regimes indicates that the internal circulation in
gas bubbles reaches such values that it becomes able to compensate for the decrease in the
specific contact surface of the phases; while the efficiency of the process is determined
mainly by the contact time, i.e. height of the dynamic foam layer. With increasing height of
the dynamic foam layer, the overall absorption efficiency increases.
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The effect of foam height is most pronounced at 7, < 0.3 m. With a further increase in
the height of the gas-liquid layer, its effect on the absorption efficiency weakens. The
optimal height of the foam in a cyclone-foam apparatus can be considered as H, -

0.3+0.35 m.

The maximum possible efficiency of the mass transfer process, depending on the height
of the dynamic foam layer, is achieved at gas velocities in the working zone of the cyclone-
foam apparatus equal to 1.5-2.7 m/s. However, with increasing gas velocity, up to e.g. 5
m/s, the total process efficiency decreases by 10+12%. The dimensions of the device are
reduced by about 2 times. At the same time, as is known [18, 19], when the gas velocity
changes, the hydraulic resistance of the apparatus also changes and, as a result, the energy
indices change. The velocity of the gas and the height of the dynamic foam layer also affect
the size of the drop entrainment volume [20,21].

Accounting for such a variety of factors affecting the overall efficiency of the apparatus
is advisable to be produced using the conditional optimality ratio [22], which can be
presented in the following form:

AC
Ko = , 4)
SH eAP
where AC is the amount of absorbed water vapor, kg/m3;, AP is the resistance of the

apparatus, Pa; e is the amount of the blown solution, kg/m?; S is the area of the apparatus,

m?; H, is the height of the foam layer, m.

Figure 1 shows the calculated dependence of the optimality criterion on the gas velocity
and the height of the dynamic foam layer for the case of absorption of water vapor from the
air with a solution of lithium bromide.
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Fig. 1. The dependence of the value of the optimality ratio on the gas velocity and the height of the
layer of dynamic foam for the LiBr/solution

The dependencies for the other solutions studied are of a similar nature. As can be seen
from Fig. 1, the optimal value of the gas velocity in a cyclone-foam apparatus is 5 m/s. In
addition, growth of the optimality criterion is observed to the dynamic foam layer height

values H -0,3 m.

The ratio of optimality can also be used for a comparative evaluation of the efficiency
of the use of various water-absorbing solutions.
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4 Conclusions

The results of the study showed that the maximum value of the optimality ratio for all four
absorbents corresponds to a gas velocity of 5 m/s and a height of the dynamic foam layer of
0.3 m.

A solution of lithium chloride is the most effective for the air dehydration process,
followed by choline chloride, lithium bromide and calcium chloride. Efficiency of lithium
bromide is in third place, although it has the highest absorption capacity. This is primarily
due to its high density, which, accordingly, strongly affects the resistance of the gas-liquid
layer and the overall efficiency of the process.

By optimality ratio choline chloride solution is only 16 % inferior the lithium chloride
solution, however, it is almost nine times cheaper than lithium chloride salts and has
virtually no corrosive effect on aluminum-magnesium alloys.

Thus, using the optimality ratio, it is possible to estimate the overall efficiency of the
absorption process, taking into account the extraction ratio, as well as such important
characteristics as flow resistance affecting energy consumption, dimensions and,
correspondingly, metal consumption of the apparatus and drop entrainment. Also, with the
help of the optimality ratio, it is possible to compare various absorbents by their overall
efficiency.
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