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ABSTRACT 

The results of numerical modeling of the processes of drying and regeneration of 
the adsorbent by heat of compression are presented on the example of the scheme 
of adsorption drying with the separation of the air flow on the stage of the cooling 
of the adsorbent. The dynamics of temperature and humidity parameters within the 
technological columns at all three stages of the adsorption and regeneration cycle 
was evaluated. It is shown that the considered scheme of adsorption drying allows 
to provide rather stable average dew point of the dried compressed air without 
losses on the adsorbent purging. 
 
Keywords: compressor, adsorption desiccant, regeneration, numerical simulation 
of adsorption, desorption, cooling processes. 
 

INTRODUCTION 

The question of air drying in the process of compression is a relevant problem on the 
way to increase the energy efficiency of modern compressor technology [1], [2], [3] 
There is a sufficient number of types of technological equipment for drying 
compressed air. The classification of drying methods can be presented in the form of 
the following diagram. (fig. 1) [4]. 
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Figure 1. Compressed air drying methods 

The paper examines a drying method that uses the heat of the compression to realize 
the most energy-consuming part of the adsorption drying cycle in high-productivity 
compressor stations, namely, the adsorbent regeneration process. The analysis of 
adsorption and regeneration technological processes is carried out on the example of 
the adsorption drying scheme with the separation of the air flow at the stage of 
cooling the adsorbent (fig. 2). 

 

 
 

Figure 2. The technology of the adsorption drying with the separation of 
the air flow at the stage of cooling the adsorbent 

RESEARCH RESULTS 

During the technology under consideration heat and mass transfer processes 
within the drying and regeneration cycle are purely dynamic nature, due to the A and 
B columns switching. 
The dynamic problem, according to many authors, has no analytical solution and can 
be solved only by numerical methods [5], [6], [7], [8]. 
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Thus, a numerical method and a program for calculating the dynamics of heat and 
mass transfer during the adsorption drying of compressed air were selected as the 
key tool for a research [9]. 
The mathematical model of the calculation program is a system of equations 
describing the non-stationary process of changing the parameters of humidity and 
temperature in a one-dimensional setting on the height of the dryer column [9]. 
Mass balance equation 

                                          +
( )

+𝜔 = 0                              Eq. (1) 

 
where 𝑑  is moisture content of air in g/kg, 𝑑  is moisture content of adsorbent in 
g/kg, 𝜏 is time in s, 𝜔 is the flow rate calculated for the full cross-section of the 
equipment in m/s. 
Heat balance equation 

                                 𝑐 + 𝑐
( )

+𝜔𝑐 =
( )

                      Eq. (2) 

 
where 𝑐  is heat capacity of a flow in J/ kg*K, 𝑐  is heat capacity of an adsorbent 
in J/ kg*K, 𝑇  is the temperature of flow in K, 𝑇  is the temperature of adsorbent in 
K, 𝜏 is time in s, 𝜔 is the flow rate calculated for the full cross-section of the 
equipment in m/s, 𝑄  is heat of sorption / desorption in J/kg. 
Heat-transfer equation 

                                      𝑐
( )

= 𝛼𝑓∗ 𝑇 − 𝑇 +
( )

                           Eq. (3) 

 
where  𝑐  is heat capacity of an adsorbent in J/ kg*K, 𝑇  is the temperature of 
adsorbent in K, 𝑇  is the temperature of flow in K,  𝛼 is heat-transfer rate in 
W/m2×K, 𝜏 is time in s, 𝑄  is heat of sorption / desorption in J/kg, 𝑓∗is reduced 
area of heat-transfer in m2/kg. 
Mass-transfer equation 
 

                                                
( )

= 𝛽 𝑑 − 𝑑∗                                     Eq. (4) 

 
where 𝑑  is moisture content of adsorbent in g/kg, 𝜏 is time in s, 𝛽 is mass-transfer 
rate in 1/s, 𝑑  is moisture content of air in g/kg, 𝑑∗  is adsorption equilibrium value. 
The equilibrium moisture balance equation of the adsorbent (moisture sorption 
polytherm) 
                                                   𝑑∗ = 𝑓(𝑝 , 𝑇 )                                         Eq. (5) 

 
where 𝑑∗  is adsorption equilibrium value, 𝑝  is partial pressure of water vapor in Pa, 
𝑇  is the temperature of adsorbent in K. 
At the first stage of column A regeneration (Stage 1) all compressed air flow 
downstream of a high temperature compressor passes through the column, heating 
the adsorbent.  
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As the temperature increases, the adsorbent's ability to hold moisture decreases, 
causing the process of desorption of moisture into the flow of a hot unsaturated air 
(Fig.3). 

 
 

 

 

 

 
 

Figure 3. Stage 1 – Regeneration of the adsorbent of column A. The 
dynamics of the fronts of the air temperature 𝑇  and moisture content of the 

adsorbent 𝑑  
 

The calculations of the hot flow desorption process in column A make it possible to 
observe the movement of the air temperature fronts 𝑇  and moisture content of the 
adsorbent 𝑑  along the column A during the process of the adsorbent regeneration. 
The estimated time of complete desorption consistent with the average parameters 
of serial desiccants and lasts 3 hours (fig. 3). 
The second stage of the regeneration of column A (stage 2) includes cooling the 
adsorbent to the initial temperature. Cooling is carried out by a part of the flow of 
precooled compressed air in the heat exchanger with a proportion of flows of 50% 
by 50%. 
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Figure 4. The dynamics of the cooling process of the adsorbent 𝑇  and the 
moisture content at the outlet of the equipment  𝑑  at the cooling stage in column 

A (Stage 2) 
 
The dynamics of the adsorbent cooling process can be observed by reducing its 
temperature. From a certain point in the cooling time, the moisture content of the 
air at the outlet 𝑑  begins to decrease, which indicates the resumption of the 
adsorption process, which is not allowed at this stage. Thus, the cooling stage of 
column A should be stopped in 25 minutes. The column parameters are fully 
consistent with the initial switching conditions for the next cycle. 

 

 
\ 

Figure 5. Short-term increase in humidity of dried air 𝑑  in each 
regeneration cycle. 

 
Here, it should be noted that at the outlet of the desiccant there is a short-term 
increase of the humidity of the dried air 𝑑  (fig. 6), caused by mixing of a completely 
dried part of 50% of the air in column B and 50% of the air from column A, which 
has a humidity corresponding to the dew point temperature after the cooling heat 
exchanger. A short-term increase in flow humidity is observed on each regeneration 
cycle.  
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At the stage 3, column B continues the process of dehumidification of the full air 
flow from the compressor, and column A is in standby mode for switching the cycle. 
The total estimated time of the cycle was 4,0 hours. 

CONCLUSIONS 

The calculations of the processes of adsorption drying of compressed air and 
regeneration of the adsorbent by compression heat made it possible to examine in 
detail the dynamics of heat and moisture transfer processes at three stages or the 
technological cycle. 
The estimated time of the complete drying and regeneration process cycle was 4,0 
hours, which consistent with the average parameters of the serial desiccants. 
The considered scheme of adsorption desiccant with compression heat regeneration 
make it possible to provide a sufficiently stable temperature of the dew point of the 
dried air, which given the short-term increases in flow humidity does not exceed 
3°∁ at the level of -40°∁ dew point. 

NOMENCLATURE 
С heat capacity  (J/kg×К)  Q heat of sorption / desorption (J/kg) 
ω flow rate (m/s) T temperature (K) 
β is mass-transfer rate (1/s) α heat-transfer rate (W/m2×K) 
d moisture content (g/kg) 𝑑𝑎

∗
 adsorption equilibrium value (g/kg) 

τ time (s) P partial pressure of water vapor (Pa) 
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