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ABSTRACT. Energy conservation issues are acute in the world. Compressed air is widely used in the
modern industrial production. The production of compressed air is a very energy-intensive process,
since most of the energy, which is expended by the compressor, passes into the energy of heating.
Compressed air cannot be used in modern production without a prior drying and cleaning. Industrial
dryer’s air losses is up to 20% of compressed air additionally. Therefore, the issue of saving air during

its drying stage is important.

In the presented article, the thermal and aerodynamic processes that occur in the classical
adsorption tower with the most modern design are considered. The processes that occur in the
adsorption column with the microwave regeneration of the adsorbent are also considered. A comparative
analysis of these constructions from the point of view of energy saving is made.

KEYWORDS: dryer; microwave radiation; regeneration; computer model.

1. INTRODUCTION

Compressed air dryers with a hot regeneration of the
adsorbent are currently the most economical means
of producing dried air. Developing the design for this
type of equipment is the most important direction to
improve the energy efficiency of industrial production.
The way of increasing the efficiency of parts manufac-
turing, production planning stage and fixture design
is an urgent task [IH3].

The main attention of developers of drying equip-
ment with the hot regeneration is focused on the
problems of the heat energy recovery, which is used
in the desorption process.

The design of the adsorption dryer should provide
the maximum possible energy conservation aimed at
regenerating the adsorbent. In the case the regenera-
tion uses the method of hot regeneration, it is desirable
to reduce the level of thermal energy losses [4] [5].

Thermal energy is carried by purge air. The purge
air is preheated using a heating element and then
moves into the cavity of the adsorption column, where
it releases the energy during the interaction with the
volume of the adsorbent.

With this method of heat transfer, the purge air
loses a large portion of the energy in the path of
the hot air from the heating element to the cavity of
the adsorption column. This is due to the fact that
the walls of the the air ducts are in contact with the
heated air on one side and the environment on the
other side. This implies the presence of a convective
heat transfer between the heated air and the duct wall
and a similar heat exchange between the duct wall
and the surrounding environment. Since the purge air
heats up to a temperature of +200 °C, and the ambient
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temperature is, on average, 420 °C, the temperature
difference is about 180 °C. The thermal insulation of
the air ducts, which is used by the manufacturers in
the design of their air dryers, can partially solve the
problem of the loss of thermal energy.

A disadvantage of this method of increasing the
energy efficiency level of the desiccant is that the metal
parts of the desiccant inevitably provide a mutual
heat exchange between themselves. Since it is not
possible to perform a complete thermal insulation
of the entire air dryer, the loss of thermal energy
occurs through the components of the dryer, which
are not sufficiently insulated and act as a radiator.
In addition, in accordance with the dryer’s working
cycle, the heater operates periodically [6]. During the
heating of the air, the heating element of the heater
has a temperature of +200°C [7]. After that, when
the heater switches off, the heating element begins to
cool, continuing to unproductively transfer the heat
energy to the environment.

At present, the most modern, most economically
feasible and efficient design solution is the placement
of the heating element directly in the cavity of the
adsorption column [§]. In this way, designers solve the
problem of an unproductive heat loss, avoiding the
need to transport the heated air from the heater to
the adsorption column. This implies the absence of an
air duct and the need to ensure its thermal insulation.

Due to its advantages in terms of energy efficiency,
this design of the adsorption column (hereinafter re-
ferred to as "HT adsorption column") has found a
practical application in the construction of adsorp-
tion dryers with the hot regeneration. The placement
of the heater in the cavity of the adsorption column
also causes the simplification of the design and the
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FIGURE 1. Adsorption dryer [8] with hot regeneration of adsorbent (I), adsorption column with the built-in heater in
the regeneration stage (II) and the computer model of this column (III): 1 is the body of adsorption column; 2 is the
internal heater; 3 is the inlet of the non-heated dry purge air; 4 is the output of the heated, moisture-saturated purge

air.

reduction in the number of parts of the dryer. At the
same time, maintainability and serviceability of the
air dryer are kept high.

In this regard, it is important to note the technol-
ogy of hot regeneration, which allows removing water
molecules from the porous structure, reducing the
energy impact on the absorbent. At the same time,
the electric heater is excluded from the construction
of the column and the need to transport the heat from
the heater to the adsorbent is eliminated. This is pos-
sible in the case of using the energy of the microwave

radiation [5] [T} 25].

2. RESEARCH PROBLEM

The design of the air dryer with the HT adsorption
columns should be further studied in terms of the
presence of its disadvantages. These drawbacks may
stem from the new principle of organizing the process
of heating the volume of the adsorbent in the cavity
of the HT adsorption column and, therefore, to be
constructively irremovable without seriously changing
this new principle.

From the point of view of efficiency and expediency
of using alternative types of energy in the process of
regenerating the adsorbent in adsorption dryers of
compressed air with HT columns, the disadvantages
of this design of the adsorption column should be de-
termined by a comparative analysis of those processes
that occur during the regeneration period. From the
point of view of changing the temperature of the ad-
sorbent during the hot regeneration, this process is

carried out in two stages. In the first stage, during
the purging with the heated air, the temperature of
the adsorbent rises to the temperature of the purge
air.

The first stage of regeneration is continued until
the moisture content in the adsorbent reaches a pre-
determined value. The duration of the first stage of
the regeneration process decreases in the case of an
increase in the rate of the removal of the moisture
from the volume of the adsorbent. In the second stage,
the volume of the adsorbent is cooled to a tempera-
ture not exceeding the temperature of the drying air.
The duration of this stage also affects the duration
of the regeneration process. The second stage of re-
generation should not affect the moisture content of
the adsorbent dried in the first stage. Cooling the
adsorbent to the temperature of the dried compressed
air is the final stage of the regeneration process. This
is an essential condition for the subsequent adsorption
process since the hot adsorbent [9, [I0] is not capable
of actively adsorbing the moisture from the dried air.

And, as it was pointed out in [I1], increasing the
efficiency of the regeneration process should not lead to
an increase in the duration of the regeneration period
beyond the duration of the adsorption period, since
this leads to a need for more complicated design of the
dryer and the use of additional adsorption columns to
ensure the continuity of the desiccation.

In the present work, thermal processes that occur
in the cavity of the HT adsorption column are inves-
tigated. Namely the generation, transfer and heat
transfer that are crucial from the point of view of the
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FIGURE 2. Column model with the built-in heater: I - location of the internal heat source (heater); II - placement of

adsorbent in the cavity of the column.

efficiency of moisture removal from the adsorbent by
the hot regeneration method.

Today, the study of the course of various processes
of heat transfer and phase transformations are done
using computer models [I2HI5]. The study of the
HT adsorption column of a modern design, which is
practically used in industry, is carried out using a
computer simulation by constructing an adsorption
column model (Figure, and studies of the processes
that occur in it. Also, computer models of the HT
adsorption column and the adsorption column, which
uses microwave energy in the process of regeneration
(hereinafter referred to as "RF adsorption column"),
are compared.

The study uses computer models of adsorption
columns with a capacity of 5m?/min. The HT ad-
sorption column model has an internal heat source
that physically and geometrically repeats the heater
installed in the cavity of the adsorption column. Chan-
nels through which air flows, the heater chamber and
the volume of adsorbent in the column cavity are also
modelled (Figure [2).

3. MATERIALS AND METHODS

The adsorption dryer column operates cyclically (here,
hot regeneration is considered). Initially, compressed
moist air passes through the column and the adsorbent
absorbs moisture from it. This period lasts 4 hours.
Then, the adsorbent should be dried. To do this, its
temperature must be raised to 200 °C, and the purge
air with atmospheric pressure passes through to the
adsorbent. The purge air transfers moisture to the
atmosphere. Usually, the hot drying stage lasts 2
hours. The regenerated adsorbent is ready to dry
the compressed air again. However, the adsorption
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process is not possible at a high temperature of the
adsorbent. In order to cool the hot adsorbent, it
is needed to blow it with cold dry air. If the dryer
includes 2 adsorption columns, then, for its continuous
operation, the duration of the regeneration period of
the adsorbent should not exceed 4 hours. Therefore,
the cooling stage should not last longer than 2 hours.
The design of the adsorption column should provide
a rapid heating of the adsorbent and its rapid cooling
with a minimal dry cooling air consumption.

In the process of solving the model built in COM-
SOL Multiphysics, the following equations are used.
The stationary problem of the air medium’s motion
was calculated by the formula:

plu-V)-u=V x (—pl + p(Vu+ (Vu)™)
- ;M(V-u)l) +F, (1)
V- (pu) = 0. (2)

where u is the velocity, p is the pressure, p is the
dynamic viscosity.

The movement of air in the volume of the adsorbent
was modelled as a motion in a porous medium and
was calculated by the formula:

1 1 1
2 p(u- V)u—V [—pl + p—(Vu + (V)T
€p €p €p

20wt - (ke & u B 3)
p

V- (pu) = Qm (4)

where @Q,, is the value of porosity of the material.
The dynamic heat transfer problem was calculated
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FIGURE 3. The gradient of the rate of airflow in the cavity of the adsorption column: A is the zone with a low speed
of air movement, which is within the limits of the volume of the adsorbent.

by the formula:

pCpu - VT +V - q=Q+ Qua (5)
q= —keffVT (6)

where C), is the heat capacity value, T" is the temper-
ature, @) is the quantity of heat.

Heat transfer in a porous medium was calculated
as

k}eff = @pkp + (1 — @p)k + kdisp (7)

where ©,, is the volume fraction of the material, k, is
the thermal conductivity [16].

Adsorbents have a different porosity at a scale of a
separate granule. This defines the adsorption capacity
and affects the intensity of the regeneration process.
The gas-dynamic process, considered at a scale of the
adsorption column, will be determined by the size
and shape of the adsorbent granules. This defines
the bulk density of the adsorbent volume. The adsor-
bents, used in dryers, have the same characteristics:
adsorbent granules have a spherical shape and a size
of 3-7mm. The normal range of porosities in granular
systems is 5% to 35%. A hexagonal or cubic close
pattern is assumed, the calculated packing density is
0.7045 [26], giving a porosity void fraction of 0.2955,
provided that all the balls are the same size. The
difference in grain size will create a lower porosity.
But adsorbent retaining grids of modern dryers have
the ability of removing small granules and products of
their shredding. This makes it possible to consider the
porosity of the adsorbent volume to be 30%. Granules
will not give closed pores, so the effective porosity is
considered equal to 100%.

The input parameters of the air movement are given
through the velocity Uy = 1m/s of the flow at the
input (Figure item 3). The output parameters

are defined as a free boundary with zero pressure
P, = 0kg/sm?.

In the process of studying the heat transfer pro-
cesses that occur in the column during its heating
using an internal heater, the input parameters were
set to the same T, = +20°C for all domains of the
components of the adsorption column, with the excep-
tion of the heater domain. The heater temperature
Ty = +210°C is set separately. It is assumed that the
entire volume of the adsorbent and all components of
the adsorption column initially have the same temper-
ature, equal to +20°C. The difference in temperature
in the adsorbent layers, due to the unequal release of
the heat of adsorption, is neglected as insignificant,
compared to the intensity of conductive heat transfer
inside the volume of the adsorbent and convective
heat transfer from the adsorbent to the purge air.

In the process of studying the heat transfer pro-
cesses that occur in the column during its cooling by
the flowing purge air, the input parameters of the heat
transfer model are given by the same T, = +200°C
for all domains when modelling the cooling process of
the column. It is assumed that the entire volume of
the adsorbent is evenly heated, and all components of
the adsorption column also have a temperature equal
to the temperature of the adsorbent. Thermal losses
through the wall of the adsorption column to the en-
vironment are neglected as insignificant, compared to
the intensity of heat transfer from the adsorbent to
the purge air.

It is assumed that the influence of the transient
processes that occur in the adsorption column during
the change of the regeneration stage to the adsorp-
tion stage and back is negligible in this study. This
is because the transients are fleeting (5-15s), com-
pared to the duration of the hot regeneration cycle
(4-8h), and do not have the time to have a significant
effect on the processes that occur in the adsorption
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FIGURE 4. The gradient of the rate of airflow in the cavity of the adsorption column RF: I is the lattice diffuser; II
is the baffle plate. B is a zone with a low air velocity that is placed outside the boundaries of the volume of the

adsorbent.

column. Therefore, the solution of the flux pattern
of the air flow in the adsorption column and through
the adsorbent bed that occurs during the desorption
stage is performed using a stationary solver. In the
process of solution, data were obtained on the flow
rate and pressure of the medium. Since the air flow
speed in the adsorption column with hot regeneration
should not exceed 0.2m/s, the problem of studying
turbulent flows at such a speed of air movement is not
set now. The PARDISO solver was used as the fastest
and least resource intensive. To verify the results,
the model was calculated with a different grid size
(Figure [3), herewith the results of the calculations do
not fundamentally diverge from one to another.

The processes of heat transfer in the air and porous
media, as well as in the steel components of the ad-
sorption column casing, are modelled and solved using
a time-dependent solver. It gives a possibility to trace
the thermal processes occurring in the column in dy-
namics.

Based on the data obtained, gradients of speed
and temperature of the studied processes, graphs of
dependence and comparative graphs are constructed.

4. RESULTS AND DISCUSSION

4.1. AIRFLOW IN THE ADSORPTION COLUMN

Since the bulk of the heat energy in the process of
regeneration is transmitted by purge air, the flow
characteristics in the cavity of the adsorption column
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strongly affect the thermal process [I7]. The study
begins with the calculation of the flow in the cavity
of adsorption columns.

4.1.1. AIRFLOW IN THE ADSORPTION COLUMN HT

The air entering the adsorption column HT enters the
heater chamber. Then, from the heater chamber, air
enters directly into the cavity of the adsorption column
containing the adsorbent. Air moves through the
volume of the adsorbent, which is a porous medium,
from top to bottom (Figure|3). The direction of the
purge air movement from top to bottom is adopted in
most designs of dryers and is the most acceptable from
the point of view of the reliability of the obtaining
guaranteed dehydrated compressed air [I8] at the
exit from the air dryer. After passing through the
volume of the adsorbent, the purge air freely leaves
the adsorption column.

The data on the maximum, minimum, and average
flow rates of the air flow through the HT adsorption
column and through the adsorbent bed (Figure [3)) indi-
cate the presence of zones with a low (up to 0.01m/s)
air velocity. During the consideration of the velocity
gradient, zones with a low air velocity within the ad-
sorbent volume located near the inlet duct and near
the heater chamber are detected (Figure item I, let-
ter A.) Since the drying rate of the adsorbent during
the drying phase depends on the temperature and flow
velocity of the purge air [I9], and the cooling rate of
the adsorbent in the cooling stage also depends on the
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FIGURE 5. The gradient of the temperature of the flowing air, adsorbent, and elements of the adsorption column HT.
C is the zone of reduced intensity of heating of the adsorbent.

cooling air flow rate [20], the presence of stagnation
zones indicates that in this region, the process of re-
generation of the adsorbent proceeds non-intensively.

4.1.2. AIRFLOW IN THE ADSORPTION COLUMN RF

To conduct a comparative analysis of the flow of air
through the RF adsorption column with different de-
flectors, models of adsorption columns with deflectors
of two different types are additionally constructed.
In columns of this design, energy is supplied to the
volume of the adsorbent using microwave radiation,
with no internal heater and internal pipelines. For this
reason, the internal geometry of the RF adsorption
column has a classical construction. Thus, the air
inflow occurs at the top of the column directly above
the volume of the adsorbent (Figure [4], pos. I-1I).

During the consideration of the purge air velocity
gradient, a zone with a low (up to 0.01 m/s) air velocity
in the column with a disk diffuser was also detected
(Figure [d] item II, letter B). However, this zone is
outside the boundaries of the volume of the adsorbent
(Figure . Thus, the flow through the volume of the
adsorbent in the RF adsorption column, regardless
of the inlet diffuser, is more laminar, which provides
better conditions for the regeneration of the adsorbent,
with other things being equal.

4.2. OCCURRING OF HEAT TRANSFER
PROCESSES IN THE ADSORPTION COLUMN

The speed of the airflow in the cavity of the column
has a direct effect on the dynamics of heat exchange
processes. On the basis of the obtained data on the
air flow, using the time-dependent solver, the thermal
model of the adsorption column was solved.

==

PP1 PP2 PP3
s ininy ol

PP4

FI1GURE 6. Control points for measuring the tempera-
ture in the volume of the adsorbent.

4.2.1. OCCURRING OF HEAT TRANSFER PROCESSES
IN THE ADSORPTION COLUMN HT DURING
THE HEATING OF THE ADSORBENT

The data on the maximum, minimum and average
temperatures of the air flowing through the HT adsorp-
tion column and through the adsorbent bed during
the heating of the adsorbent (Figure [5)) indicate the
presence of a zone of uneven heating of the adsorbent.
During the consideration of the temperature gradient,
a zone of reduced intensity of adsorbent heating lo-
cated near the inlet air duct was detected (Figure
item C). The presence of this zone indicates that in
this region of the HT adsorption column, the inten-
sity of the process of regeneration of the adsorbent is
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FIGURE 7. Graph of temperature increase in control points. D is the temperature difference at the point NP2 and

NP3, PP4, and also NP1, PP1, PP2, PP3.

lowered. This is due to the cooling of the inlet duct
through the unheated air that is on the way to the
heater chamber.

The uneven heating of the adsorbent volume is
confirmed by the data on the temperature obtained at
7 control points (Figure [6]) located in the volume of
the adsorbent. The control points are arranged in such
a way as to quantify the temperature values in that
part of the volume of the adsorbent that is located near
the inlet duct and near the heater chamber as well as in
the laminar air flow area through the adsorbent. This
allows us to compare the being obtained values from
the point of view of estimating the non-uniformity
of the temperature variation of the adsorbent during
heating or cooling.

The temperature rise graph in the control points
(Figure [7)) shows the non-uniformity of the heating of
the adsorbent volume in the adsorption column HT.
The temperature at a point located at the coordinate
where the heated purge air flows uniformly, the point
NP2 (Figure @ shows a stable intense uniform tem-
perature rise, while the temperature rise at the point
NP3 is significantly slowed down. The slowdown in
the temperature growth at NP3 is due to the prox-
imity of this point to the inlet duct. The air that
has not yet been heated by the heater flows in the
inlet duct. This causes cooling of this section of the
pipeline and the adjacent area of the volume of the
adsorbent (Figure [5| letter C) due to the cold incom-

18

ing air. At the point PP4, the temperature increase
is also slowed, which is explained by its remoteness
from the heat source. However, as the volume of the
adsorbent is heated to a temperature of +150°C, an
intensive temperature increase begins at this point.
The temperature increase at the points PP1, PP2,
PP3 is the least intense (Figure . This is explained
by both the proximity of this points to the inlet duct
and by the fact that these points are located in the
zone with a low (up to 0.01m/s) speed of air flow
through the volume of the adsorbent (Figure |3, let-
ter A). At the point NP1, which is located above the
inlet pipeline, along the route of the cold incoming
air, there is also a slow rise in temperature, compared
to the point NP2 (Figure |7} letter D), however, more
intense than the temperature increase at points PP1,
PP2, PP3 (Figure|7} letter D4). This is due to similar
reasons, such as the slowdown in temperature growth
at the points PP1, PP2, PP3. At the same time, the
dynamics of temperature growth at points PP1, PP2,
PP3 and NP1 is similar, which is explained by the
similarity of occurring processes in the region located
near the inlet pipeline (Fig.3, letter A and Figure[5]).

4.2.2. OCCURRING OF HEAT TRANSFER PROCESSES
IN THE HT ADSORPTION COLUMN DURING
THE COOLING STAGE OF THE ADSORBENT
The temperature decrease graph at the control points
(Figure [6]) shows the dynamics of temperature de-
crease in different coordinates of the adsorbent volume
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FIGURE 8. Graph of temperature reduction at control points. E is the time period during which the temperature

decrease occurs with acceleration.

in the adsorption column HT (Figure . There is a
change in the acceleration of the heat transfer during
the cooling process. There are three periods with
different dynamics of the cooling process. So, in calcu-
lating the process of cooling the adsorbent for 250 min,
during periods 0-50min and > 100 min, a slowing
down temperature decrease is observed, as evidenced
by the concave shapes of the lines of the tempera-
ture change graphs. During a period of 50-90 min,
the temperature decreases with a certain acceleration,
as evidenced by the convex shapes of the lines of
temperature-change graphs.

During the periodic cooling of the adsorbent from
the desorption temperature (+ 200 °C) to the working
adsorption temperature (+20°C), simultaneous peri-
odic cooling of the adsorption column casing in the
specified temperature range also occurs. Since the HT
adsorption column has a built-in heater, this heater
also periodically heats up and then cools down to
the working adsorption temperature (420 °C). This is
unavoidable since the purge air at the stage of cooling
the adsorbent first flows through the heater chamber
before the flow reaches the volume of the adsorbent.
During the consideration of the temperature gradient
over a period of 50-90 min, this period of time coin-
cides with the completion time of the cooling of the
heating element, (Figure letter H). Thus, it can
be concluded that the thermal energy that is accu-
mulated in the material of the heater and the heater

chamber inhibits the growth of the rate of decrease in
the temperature of the adsorbent during the stage of
cooling the adsorbent to the operating temperature
of adsorption. This is because the flow of the cooling
air is heated from the heater, which retained the heat
after being shutdown, and this heat is transferred to
the volume of the adsorbent. Calculations show that
it is only when about 85% of the heat energy of the
heater and the chamber has passed to the purge air
and, in part, to the adsorbent, the process of cooling
the adsorbent begins to accelerate. (Figure .

4.2.3. OCCURRING OF HEAT TRANSFER PROCESSES
IN THE RF ADSORPTION COLUMN DURING
THE COOLING STAGE OF THE ADSORBENT
The design of the RF adsorption column, which uses
the microwave radiation as the heat source, is charac-
terized by the absence of structural elements in the
volume of the adsorbent. Thus, as shown in subpara-
graph 4.1-2, the flow of air through the adsorbent bed
is characterized by a high uniformity and the absence
of zones with a low (up to 0.01m/s) air velocity. At
the same time, the temperature front has a curved
shape from the walls of the adsorption column to its
centre. Cooling of the internal volume of the adsor-
bent along the vertical axis of the symmetry of the
column occurs more intensively. This is due, on the
one hand, to the contact of the adsorbent with the
heated walls of the adsorption column, which results
in conductive heat transfer from the column walls to
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FIGURE 9. The gradient of the temperature of the adsorbent in the adsorption column RF. F is the difference in the
form of the temperature front; G is the identity in the form of a temperature front.

the adsorbent. On the other hand, air that enters the
cavity of the RF adsorption column vertically along
the axis of symmetry comes to contact mainly with
the area of the adsorbent volume near the vertical
axis of symmetry of the column (Figure .

In order to achieve better uniformity of cooling of
the adsorbent volume, the influence of the internal
elements of the RF adsorption tower on the character
of temperature change in the volume of the adsorbent
was investigated.

As an internal element contributing to a flatter tem-
perature front, which indicates a greater uniformity of
temperature in the horizontal layers of the adsorbent,
lattice diffuser and baffle plate are used.

The study shows that the use of a shield baffle plate
provides a flatter temperature front, compared to a
lattice diffuser (Figure[9] letter F). This is maintained
for 20 min during the purge process. Further, the form
of the temperature front acquires a concave character
and, by 40 min of the blowing process, the difference

20

in the use of the lattice diffuser and baffle plate is
levelled (Figure [} letter G).

It should be noted the appearance of a zone with
a low value of the air flow rate in the case of using
a baffle plate, but the location of this zone outside
the volume of the adsorbent (Figure [4] letter B) does
not adversely affect the heating and cooling of the
adsorbent.

4.2.4. COMPARATIVE ANALYSIS OF THE COURSE OF
HEAT EXCHANGE PROCESSES IN THE STAGE
OF COOLING OF THE ADSORBENT IN THE HT
ADSORPTION COLUMN AND RF ADSORPTION
COLUMN
In the process of solving the thermal model of the ad-
sorption column HT, and the adsorption column RF,
data were obtained on the maximum, minimum and
average temperatures in the volume of the adsorbent
material that these columns contain. The calculation
of these values and a comparative analysis of their
changes are carried out.
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On the comparative graph of the decrease in the
temperature of the adsorbent volume and the elements
of the adsorption columns of the HT and RF struc-
ture (Figure , the dynamics of the change in the
maximum, minimum and average temperatures are
shown. The graph clearly shows the lower intensity
of the process of cooling the adsorbent in the adsorp-
tion column HT, compared with the intensity of this
process in the adsorption column RF.

There is a sharp drop in the minimum temperature
to almost + 20°C immediately at the start of the
purge of the RF column (Figure MinT for RF).
The lowering of the minimum temperature with the
start of the HT purge is more gradual, due to the fact
that the purge air passes through the chamber with a
warm heater, heats up, and has a temperature above +
20 °C. For the same reason, when the blowdown starts,
the higher maximum temperature remains longer and
has a higher value (Figure [11}, Max T for HT). It is
noted that as the cooling process proceeds for more
than 150 min, the dynamics of the processes at all
observed points become similar. This is due to the
fact that the built-in heater, heater chamber and in-
ternal elements of the HT column have already cooled
to a temperature of +50°C and does not affect the
dynamics of the process.

In general, it should be noted that the cooling pro-
cess of the HT adsorption column, other things being
equal, is less dynamic than the process of cooling the
RF column, and the mean temperature value is higher
(Figure AverageT).

The calculation shows that the inevitable presence
of internal structural elements in the cavity of the HT
adsorption column leads to an increase in energy costs,
which, inevitably, is spent on cooling the volume of
the adsorbent to the adsorption temperature. This is
due to the periodic accumulation of thermal energy

in the heater and by the heater chamber during the
heating of the adsorbent to a temperature of 4+ 200 °C
during the regeneration stage.

5. CONCLUSIONS

The use of an internal heater in the construction of
the adsorption column leads to the appearance of
undesirable factors from the point of view of the re-
generation process of the adsorbent. Based on the
results of a study of the HT adsorption column by
computer modelling, it is possible to note such unde-
sirable phenomena as the appearance of zones with
low air velocities (up to 0.01 m/s), uneven heating and
cooling of the adsorbent, and a greater heat capacity
of the adsorption column, compared with the RF ad-
sorption column. While the design of the adsorption
dryer, which has the adsorption columns with the
internal heater, has some advantages, in terms of min-
imizing the heat losses during the heat transportation,
these factors have a negative effect on the process of
regenerating the adsorbent.

The use of microwave radiation to regenerate the
adsorbent helps to reduce the thermal losses of the
dryer by reducing the heat capacity of the previously
heated elements of the structure. This reduces the
loss of the purge air for regeneration [2I]. Taking
into account the fact that the RF-regeneration of the
adsorbent occurs at a lower temperature [I8], the
purge air costs will be even less. So, the technology
of regenerating the adsorbent using the microwave
energy is more economical.

The design of the adsorption desiccant, which uses
the microwave radiation as a heat source, is more
appropriate. In this case, the problem of heat loss
during its transfer using a purge air flow can be effec-
tively solved using microwave radiation. This involves
heating the volume of the adsorbent directly in the
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FIGURE 11. The graph of the decrease in the maximum (Max7), minimum (Min7') and average (AverageT)

temperature in adsorption columns of the RF and HT type.

cavity of the adsorption column [22H24], as in the case
of an internal heater.

The use of microwave radiation for the purpose
of heating the adsorbent during its regeneration can
effectively combine the advantages in minimizing the
heat losses of the dryer, the best conditions for purging
the adsorbent by flowing air from the point of view of
hydrodynamics, and to minimize the heat capacity of
the adsorption column structure.
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